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Abstract
A quantum time topological space is developed and applied to solve some
problems about quantum theory. It is disconnected and satifies the separation
axioms of T4. The degree of disconnectedness of the time-space is a decreasing
function of the number of simultaneous or almost simultaneous fundamental in-
teractions. The disconnectedness of the κ × λκ-fold time-space, T κλκ4 , imparts
a quantization to κ × λκ-fold space-time, M¯4κλκ , and induces it’s topology. In
this topology the U +R Penrose dynamics is implemented by means of a time
evolution operator, U , in QFT. U is unitary or non-unitary, depending on the
type of quantization of the field action-integral. U allows to find the Boltzmann
factor in QFT in the above space-time. From an elementary solution of the Liou-
ville equation the quantization of the time follows and the Planck constant has
been calculated. Compatibility between time-reversal and irreversibility is spon-
taneously obtained. The renormalization of the field action-integral follows from
quantization. The solution of the measurement problem and the wave function
reduction have been deduced in the framework of the Schroedinger theory. The
Schroedinger cat’s paradoxon and the paradoxon of the wave paket decay have
been resolved.
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1 Introduction
Indications that systems of atomic, nuclear and sub-nuclear particles cannot have the
topology of the Newtonian time (IR1) were available as early as in 1974 [1]. It became
clear that quanta need not take notice of any observers except interactions with other
quanta or particles. What is time for the quanta? What is its nature? Why should
quanta take notice of the time defined by observers of their behavior? If at all, should
not particles have their own times? The question about the time is a very old one.
Nevertheless, a definitive answer has not been obtained sofar.
The increasing number of paradoxes in theoretical physics generally and in nuclear and
sub-nuclear theory in particular, while the experimental quantum techniques become
more and more sophisticated and of higher accuracy, imposes increasingly the view
that something about the fundamental physical concepts should be revised.
A systematic examination showed that most uncertainty in physics is associated with
the time concept. This variable, being interwoven with the space through relativity,
imposes its topology to the space-time, and it determines, in this way, the evolution in
the nuclear and sub-nuclear interactions among others.
We propose a new space-time topology, the Chrono-topology. It is based on the concept
of the Interaction Proper-time Neighbourhood, τ , (IPN). The space-time topology on
the quantum level is determined by the number of the interacting particles in every
particular system. For small numbers of interacting particles the new time-space is a
T4 topological space.
The new space-times, M¯4κλ being in general κ×λ-fold in time, are defined as the Carte-
sian products, IR3 × T κλ4 , of T κλ4 . The latter is a κ × λ-fold, disconnected topological
space satisfying the separation axioms of a T4 space whose elements are the interaction
proper-time neighbourhoods, {τλ|∀λ ∈ ZZ+}.
Our M¯4 is not related to Hawking’s space-time foam [24] neither as to the cell magni-
tude nor as to its creation process. While Hawking explains, as does Wheeler [14] the
space-time foam creation by means of the field fluctuations in Planck time scale, our
M¯4 is due to changes of physical observables caused by fundamental interactions and
mapped into a definite IPN in each one case.
Although we do not discuss General Relativity in this work, we feel, knowing the results
of our chrono-topology, that General Relativity, being based on the Newtonian time
topology, is per construction a non-quantizable theory, and that a reformulation of the
field equations in the framework of chrono-topology may lead to a quantum theory
of space-time whose average will give for macroscopic space-time neighorhoods the
Einstein field equations of gravity.
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1.1 Hunting the trace of the time
Many famous authors have been occupied with the answering the question about the
nature of time as: Aristotle [2], Newton [3], Kant [4], Bergson [5], and many others.
The searching for the meaning of the time by the above Researchers and Philosophers
was rather of a knowledge theoretical character, such that no direct physical judgement
- except a logical one - of the practical applicability to modern problems in physics was
possible. Also, Eddington [6], Whitehead [7], Einstein [8], Dirac [9], and particularly
Prigogine [10], Wheeler [14] and others have shown a deep concern in the elucidation
of the nature and properties of time. Their search for the meaning of time was of such
a character that the results obtained on the basis of its structure were accessible to a
certain extent to a kind of physical verification.
It is extremely interesting to verify, after a debate of long decades, Einstein’s terrifically
strong insight: Now we know that, in fact, ”Gott wuerfelt nicht” - God does not play
dice in matters of quantum theory.
It will be shown that quantum mechanics is, in fact, per se not a statistical theo-
ry inside an IPN. The statistical character is imposed on the wave function by the
topology of the space-time ¯M4κλκ , not by the Minkowski space-time, M
4.
Meanwhile, new problems appeared mainly in theoretical physics which are not solv-
able in the frame of the current understanding of time’s nature. Bell [11], Hawking
[12], Penrose [15], Unruh [16], Stamp [17], Legget [18], Douglas [19] have published
important works on this area. Nevertheless, the time issue remained still open.
The beautiful researches of all above and many other authors [20]-[31] are only a
very small sample of the world literature on time’s nature. However, there still exist
very seriously resisting problems in particular in quantum theory which make this issue
central to the atomic, to the nuclear and to the elementary particles theoretical physics
[32]- [41].
1.2 Annoying questions
Spectacularly successful results have been achieved in these areas of physics during our
century, and a high degree of maturity both in experiment and in theory. Nevertheless,
the nature of time was still unclear and very important questions remained open:
1. Can we understand the wave packet’s decay in absence of interactions.
2. Can we understand the reduction of the wave function in the framework of the
Schroedinger equation?
3. Can we derive rigorously quantum statistical mechanics (QSM), in particular,
the Boltzmann factor from quantum field theory (QFT)?
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4. Can we explain the microscopic and the macroscopic irreversibility of many phe-
nomena starting from QFT?
5. Why is there a tunnel effect?
6. Why is there an ergodicity?
7. Why is there a Poincare returning.
8. Why quarks are not directly observable?
9. Have the non-locality, related to the Bell theory [42], and the interpretation of
the Aspect et al. experiment [43] to do with the topology of the time?, etc, etc,
. . ..
After the discovery of Einstein’s relativity it became clear by the Lorentz transforma-
tion that time and space are interwoven in the Minkowski space-time, M4. Another
important recognition provided by relativity was that each 3-space point is associated
with its own time (event), the proper-time.
Accordingly, one would expect that these facts should, normally, impose the replace-
ment in modern physics of the universal Newtonian time by the new Einsteinian time.
This would make justice to Dirac’s early proposal [9] that every particle in the many-
particle Schroedinger equation should have its own time variable. Dirac’s proposal,
being related to the topology of the space-time has not yet found the place in physics
which it deserves.
To shed some light on a few aspects of the above problems of paramount importance
for the future physics is the hope and the purpose of the present work.
1.3 The mighty Newton
It is important to note that, whichever is the topology adopted for the time, a trans-
formation like
{x′ = Lx(x, t), t′ = Lt(x, t)}, x ∈ X ⊂ IR1 (1.1)
induces on the Minkowski space, the Cartesian product space M4 = iIR1 × IR3, the
topology of that time.
In the same way the Lorentz transformation (x, t) → (x′, t′) induces the topology of
the Newtonian time, t, on each space point, x′, in the neighbourhood associated with
that time, t, and space point, x.
Space-time topologies resulting from solutions of the Einstein field equations will be
mentioned here only occasionally. However, we cannot tacitly bypass the fact that in
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general relativity the proper-time is a function of the Newtonian time. For example,
in the Schwartzschild metric
ds2 = c2(1− rg
r
)dt2 − r2(sin θdφ+ dθ2)− dr
2
1− rg
r
, (1.2)
the time variable takes values as t ∈ T = IR1 [45].
Also in the general relativity, for example [46], one reads: ”Any monotonic parameter,
increasing from the past to the future (i.e. t ∈ [−∞,+∞]) might be used to measure
time on the world line of a material particle”. This is clearly correct for a macroscopic
theory. Is it correct for the discontinuous quantum phenomena?
Nevertheless, this attitude reflects the view of some researchers according to which time
had nothing to do with the fundamental interactions and with the changes induced by
them in the different neighbourhoods of the universe.
This attitude is rejected in the present work.
1.4 Quanta and their self-determination - The interaction proper-
time neighbourhood (IPN)
In view of these facts one may speculate, if not reasonably conjecture, that the well-
known paradoxes in relativity and quantum theory, as well as the possibility for their
appearance in physical theories are due to the space-time topology imposed by the
Newtonian time.
Despite the obvious necessity to replace the Newtonian time and its topology by IPNs
to be defined precisely below for each event, the Newtonian time remaines until today
generally dominant in classical and in quantum theory.
The present paper is dealing with the derivation of some consequences of a new type
of time topology discovered earlier [1] and taken as the basis in this work. The new
topology derives from the fundamental observation teaching us that no time would be
definable, if nothing changed in the universe [48].
Since the universe for a non-interacting, structureless particle is the particle itself, no
time exists for it. Moreover, since the nuclear and sub-nuclear interactions factually
are, each one, of finite duration, i.e., they are related to finite changes of the observables
involved in the interaction, it is clear that IPN cannot be identified with the Newtonian
time. Because the latter is homeomorphic to the whole IR1, while IPN ∈ T ⊂ IR1, and
T4 is disconnected.
It is also important to observe, that the time for, e.g., a nucleon is related to its
corresponding interaction, and it does change as long as the interaction lasts. Just this
time is used in our work, in the equations of Schroedinger, of Dirac and of QFT in
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connection with problems of nuclear and sub-nuclear interactions. This time can flow
within the corresponding IPN as long as the interaction is going on in the rest reference
frame of the interacting particle.
On the contrary, for an observer the reaction time (t′) may, but must not, flow fur-
ther, depending, according to Lorentz transformation above, on whether he changes
its position (x′) or not with respect to the rest frame of the particle. This stresses the
importance of the interaction for the changes in any system.
The nucleon reaction time, for example, cannot be identified with the universal time
which consists, according to our chrono-topology of the union of the maps of all indi-
vidual interactions occuring in the entire observable universe.
On the other hand, the free-field quantum equations of physics, mathematically so
instructive, are relevant physically only as approximations to real phenomena. Time-
dependent quantum equations without interactions do not supply us with any infor-
mation concerning physical changes.
We must stress, however, that macroscopic motion, and in particular inertial motions,
are correctly expressed either in terms of the Newtonian time or in terms of unions
of large numbers of IPNs (
⋃
κ,λ∈ZZ+ τκλ), deriving from interactions in the observable
neighbourhood of the universe.
It seems that the way to pave for general relativity towards quantization is to rede-
fine the space-time topology by taking into account the topology of the IPNs and to
reformulate the field equations in the topology of t ∈ T4. In such a case the quanti-
zation of the theory can most easily be carried out by means the field action-integral
quantization. Before going into the detailed presentation of our chrono-topology, we
want to review some important time topologies used in the past or proposed recently to
describe the phenomena or to explain the interpretational problems in quantum theory.
To make precise the description and to facilitate the understanding, it is expedient to
give first some notation and some definitions from general topology which are required
for the presentation of the results.
It should by no means be understood as a substitute for a reading of a book on general
topology which is recommended to the more interested reader.
1.5 Time-space topology in physics
Let a set T , called the space, be given together with a family {τ} of subsets τ ⊆ T
and together with the empty set ∅. The elements of T are called points of the space
and the elements are called open sets.
Definition 1.1 A pair (T , τ) of T and τ represents a topological space, if the following
conditions are satisfied [47]:
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• ∅ ∈ τ and T ∈ τ .
• If U1 ∈ τ and U2 ∈ τ , then U1 ∩ U2 ∈ τ .
• If A = {A1, A2, . . .} is a family of elements of τ and I is a subset of the index
set ZZ+ such that Ai ∈ τ, ∀i ∈ I, then ∪i∈IAi ∈ τ .
It is clear that the intersection ∩iAi of a finite subset {Aii ∈ I ⊆ ZZ+} of open subsets
is open.
Definition 1.2 A space, T , is called regular if and only if for every x ∈ T and every
neighbourhood V of x in a fixed subbase P there exists a neighbourhood U of x such
that U ⊂ V, where calU is the closure of U .
The topological spaces may be ordered in a hierarchy according to the restrictions
which are imposed on them. These restrictions are called axioms of separation. Here
are the axioms of separation concerning the fundamental interactions in physics:
Definition 1.3 1. A topological space, T , is called a T0-space, if for every pair of
distinct points t1, t2 ∈ T there exists an open τ ′ containing exactly one of these
points.
2. A topological space, T , is called a T1-space, if for every pair of distinct points
t1, t2 ∈ T there exists an open τ ′ ⊂ T such that either t1 ∈ τ ′, t2 6∈ τ ′ or t1 6∈ τ ′, t2 ∈
τ ′.
3. A topological space, T , is called a T2-space, or a Hausdorff space, if for every pair
of distinct points t1, t2 ∈ T there exist open sets τ1, τ2 ⊂ T such that t1 ∈ τ, t2 ∈ τ2
and τ1 ∩ τ2 = ∅.
4. A topological space, T , is called a T3-space or a regular space, if it is a T1-space
and for every t ∈ τ and for every closed set F ∈ T such that t 6∈ F there exist
open sets τ1, τ2 such that t ∈ τ2,F ∈ τ2 and τ2 ∩ τ2 = ∅.
5. A topological space, T , is called a T4-space or a normal space, if T is a T1-space
and for every pair of disjoint closed subsets τ1 ⊂ U, τ2 ∈ V and U ∩ V = ∅.
Clearly, a T4-space is a T3-space so that the hierarchy holds:
T0 ⇒ T1 ⇒ T2 ⇒ T3 ⇒ T4.
1.6 Nature’s choice
There are still the axioms of separation for the spaces T3 1/2, T5, T6 whose definitions
are not given here. The topology of the time considered in this paper is just that of T4
Fig. (3.1). This is the time topology generated by distinct, finite interactions.
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This paper is divided in 12 sections. In Sec. 2 a few time topologies are presented
and discussed from the point of view of their relevance to the physics of nuclear and
sub-nuclear particle systems.
In Sec. 3 some aspects are briefly presented of the relation of the time to the energy
changes. Although this relation looks rather trivial it is, nevertheless, the basis for
the chrono-topology developed and whose main definitions are given in this section.
The chrono-topology allows to solve some of the paradoxes of the quantum theory.
For example, the puzzle of the flowing time. In our chrono-topology an answer to
the question is possible, why time is felt as flowing. The feeling of the flowing time
is generated by the disconnectedness as an application of Zermolo’s theorem on well-
ordering, and by the limited discrimination power of the human neural sensors. If
time were continuous, then a succession of discrete sensations would not exist and,
consequently, an ordering, generating the feeling of flowing, on the biological level,would
be impossible.
In Sec. 4 we continue with the further presentation of the structure properties of the
present time topology. We define there the microscopic and the macroscopic system-
times. They are important in integrations of the S-matrix and of the time evolution
operator.
An extremely surprising fact is that the reality and the additivity conditions of some
elementary solutions of the classical Liouville equation imply quantization of the time.
Although the conditions of the derivation (constant forces) of these elementary solutions
are rather special, we cannot overlook that the result is typical. This is presented in
Sec. 5. An interesting novum is the calculation of Planck’s constant, h¯ ≈ 1 · 10−34Js
from the expression for the time quantization.
It is a clear experimental fact that physical interactions imply finite changes in observ-
ables. The time as a map of these changes must also be created in finite amounts. It
is surprising that this fact has for long times escaped our attentions. If the observer
moves with respect to the interacting elementary particles, while they interact, the
time and the space coordinates appear to him as quantized. Examples are shown in
Sec. 6.
Sec. 7 makes exploitation of the chrono-topology. A fundamental proposition is demon-
strated therein.
The main results obtained with the help of this section are as follows:
1. A time evolution operator is obtained which, in Penrose’s terminology, exhibits
U+R properties. It is unitary or non unitary, depending on the kind of quanti-
zation of the field action-integral.
2. The Boltzmann factor, exp[−Eδ(τ)/h¯] is derived directly from QFT. This is
tantamount to the derivation of QSM from QFT in Minkowski’s space, M¯41 ⊂M4.
3. The quantization of the field action-integral spontaneously renormalizes the time
integration of the interaction Hamiltonian.
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4. The renormalization of the action yields the possibility (Sec. 8) for a natural
explanation of the wave function reduction in the framework of the Schroedinger
equation. The existence of microscopic and of macroscopic irreversibility in the
framework of QFT has been demonstrated.
5. The famous Schroedinger’s cat is, finally, dead. Not because of the poison and
the radioactivity, but simply because he always was alive before he died. This is
the result of Sec. 9.
6. The wave packet, as anything else, cannot evolve in absence of an interaction
(Sec. 10). It can decay only inside the IPN, and this is of finite duration.
As a byproduct, Einstein’s spectacular insight and insistence along his life-time, accord-
ing to which quantum theory per se is not a statistical theory, follows spontaneously.
We find that the statistical character (Born’s hypothesis about the wave function)
comes about only in the framework of the chrono-topology of the fundamental inter-
actions.
Finally, in Sec. 11 the results are discussed an the perspectives for further developments
are sketched.
2 Classical definitions of time and their topological
structures
If the entire universe consisted of one single, structurless particle, e.g., an electron, then
the idea of time would be for a ’foreign’ observer neither definable nor useful. Motion
would be, on the basis of our familiar physical criteria, unobservable and meaningless.
The particle would be describable by its intrinsic characteristics, mass, spin, charge,
etc., and no change whatsoever would be possible. In particular no change of the
particle energy would be possible.
If the entire universe consisted of non-interacting structureless particles, then the idea
of time would again be undefinable and the motion, if any, would be unobservable by
an observer in the frame of reference of any particle (due to the absence of quanta
created and emitted by means of any interactions).
If the particles do interact, then messages between them conveying physical charac-
teristics exist, and a new parameter is required for the description of their changes.
By mapping the changes in particular subsets of IR1 we get a particular parameter for
each IPN, τ . However, interaction means change of values of the physical observables
and exchange of parts of them between the interacting particles. Even in the simplest
form of interaction, in the elastic scattering, a change does occur in the linear momen-
tum. Moreover, transfer of physical characteristics implies in any case energy changes
inside the universe of the particles. Consequently, it appears that associated with any
energy change is a time laps. This association has not the character of a causal rela-
tionship.This becomes clear from the fact that, if no description of the phenomenon is
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desired, then there is no need for a time variable to be defined. Conversely, it is em-
pirically clear that no time laps is observed, if no energy change - and more generally
- no physical change takes place.
2.1 The Aristotelian time
Historically, the first and most extensive (15 pages) scientific discussion on the nature
of time is published by Aristotle in his book Φυσικα [2]. Aristotle considered the
time as a set of ’νυν’ (now).This set of ’νυν’ may be defined by anybody, anywhere,
anyhow and at any time relative to other people’s ’νυν’ . Consequently, between two
’νυν’ there may exist any number of other peoples’ νυν’ . The union of ’νυν’ is dense
in a subset of IR1 . Each ’νυν’ as a feeling or as a product of thinking is an open
interval, τ .
More precisely, let IR1 be the time axis and O the family of all sets τ ∈ IR1 with the
property that for every t ∈ τ there exists an ǫ > 0, such that (t − ǫ, t + ǫ) ∈ τ . The
family, O, of sets has the properties:
O1) ∅ ∈ τ and IR1 ∈ O.
O2) If τ1 ∈ O and τ2 ∈ O then τ1 ∩ τ2 ∈ O.
O3) If A ∈ O then ∪A ∈ O.
This makes clear that Aristotle conceived time as a set of open intervals, because in τ ,
as in IR1, between any two points there exist infinitely many points ( Hausdorff). The
topology of the Aristotelian time is the natural topology of IR1 .
The similarity of this time topology to the topology of the Newtonian time is obvious.
It is remarkable that the Aristotelian time does not have the dynamics of a flowing,
because the ’νυν’ is static.
2.2 The Newtonian time
The best known time in physics is the Newtonian universal time. It finds still today
use generally in science and in particular in relativity and in quantum theory.
The topological propeties of this time structure may be summarized in that t is (as
in the Aristotelian time topology) a continuous function with the topology of IR1, t ∈
[−∞,+∞] . Although the topology of the Newtonian time is that of IR1, one assignes
to it an additional characteristic property. It consists in that time incorporates the
germ of dynamics in the most general sense: It is considered in physics as continuously
flowing [49].
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However, there is no indication experimental or theoretical, that this flowing is real
like, for example, that of a fluid. On the contrary, there exist indications that the
flowing of time is a property subject to the anthropic principle. The time is, according
to relativity, not more and not less flowing than space itself.
The admission to quantum theory of the never demonstrated continuous flowing of time
having the properties of the topology of IR1, is the source of a number of paradoxes
and interpretational problems in quantum physics. One most prominent paradoxe is
the decay of the wave packet in time, which in the absence of interactions cannot be
explained. Another puzzle for contemporary physics is the time reversal invariance of
the fundamental equations of physics and the simultaneous irreversibility of almost all
phenomena in the macrocosmos.
Having in mind our T4-topology of the time for quantum systems it is easy to contem-
plate the way the Newtonian time is generated: Let us consider two point sets P1 and
P2 such that P1, P2 ∈ IR and P1 ∩ P2 = ∅. These two sets are for the human senses
distinct. Consider next large numbers of sets {Pj | j ∈ I ′ ∈ ZZ+}, so that for many
pairs of sets we observe Pj ∩Pj+1 6= ∅, but there are still some for which Pi ∩Pi+1 = ∅.
In this case the human senses still see some gaps in the union ∪j∈I′Pj .
If we take a still larger number I of sets {Pj | j ∈ I ⊃ I ′} such that there exists no
partition {P ′i | P ′i ∩ P ′j = ∅, ∀i ∈ I} of ∪j∈IPj , then Pi ∩ Pi+1 6= ∅, ∀i ∈ I.
If we now identify the collection of the maps of the changes of all physical observ-
ables with the union ∪j∈IPj , then this union can be densely embedded in IR1 and the
continuity of the Newtonian time emerges.
Definition 2.1 We call Newtonian or universal time, Nt, the union
Nt =
⋃
j∈I
Pj with Pi
⋂
Pi+1 6= ∅ and Pi \ Pi+1 6= ∅∀i ∈ ZZ+.
Remark 2.1
If Nt = [−∞,+∞] then we write Nt ⊆ IR1.
Historically, the idea of the continuous time emerged from the biological structure of
the human senses and from the empirical laws of mechanics of the macrocosmos. By
this it is meant that the observers have the ability to a certain extent to distinguish
adjacent but distinct changes of physical observables. This ability, however, has definite
limits valid for all human observers and the subjective continuity of the time becomes
conscious.
Remark 2.2
It is a very typical feature of our chrono-topology the fact that time is felt as flowing.
This is due to the disconnectedness, to the Zermelo theorem on well-ordering and to
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the discrimination by the neural sensors. If time were continuous, then a succession of
discrete sensations would not exist and, consequently, an order generating the feeling
of flowing, on the biological level, would be impossible.
2.3 The Einsteinian time
The Einsteinian time is essentially identical to the Newtonian time. The usual view
is that every space-time point (event) is assigned its own proper-time. This is strictly
speaking not true for the proper-time,
dτ =
√
c2dt2 − dx2 − dy2 − dz2
or
τ − τ0 =
√
c2(t− t0)2 − (x− x0)2 − (y − y0)2 − (z − z0)2,
where t ∈ IR1 is the Newtonian universal time.
Figure 2.1: A sector of a 2-dimensional manifold embedded in Minkowski’s space-time.
All points of the surface have the same proper-time τ = 4, τ0 = 3, t = 5, t0 = 1, x0/c =
1, y0/c = 2 and z0/c = 3. Obviously all events on the surface correspond to the same
Newtonian time.
It is seen from this very expression for the proper-time that the same proper-time τ
corresponds to all space-time points (t, x, y, z) of the manifold (Figs. 2.1, 2.2), defined
by
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τ =
√
(t− t0)2 − ((x− x0)2 − (y − y0)2 − (z − z0)2)/2 = const.
Figure 2.2: Two sectors of a 2-dimensional manifold embedded in Minkowski’s space-
time having the same proper-time τ = 4. Here the variables are x, z, t · y = 2, while
the constants are τ0 = 3, t0 = 1, x0/c = 2, y0/c = 1, z0/c = 3. All events of the two
sectors correspond to the same proper time, τ , and y values.
The source of the Einsteinian time in special relativity is the classical equation of
uniform motion [45]
s = vt or c2t2 − x2 − y2 − z2 = 0, (m20 = 0), (2.1)
where c is the velocity of light. Einstein in writing down the above equation giving the
propagation distance, s, of a light wave front has nothing stated about the magnitude
of s, or the length of the time interval, [0, t].
The minimum operationally measurable time in connection with the light wave prop-
agation is the time corresponding to the distance of one wave length, λ. This time, τ ,
is related to the wave length by τ = λ/c = 1/f , where f is the wave frequency. The
time τ stands in a simple relation with the interaction duration causing the energy
change, ∆E, and with the emission of a corresponding photon. More generally, the de
Broglie wave length of an emitted particle, e.g., of an electron in β-decay is related to
the energy released during the emission interaction.
For the β-particle of rest mass, m0 , which, of course, does not move on the light cone,
there holds
c2t2 − x2 − y2 − z2 = s′2 > 0 or c2 − v2 = s > 0, s = s′/t. (2.2)
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Multiplying both sides by c2γ2m20, where v is the velocity of a quantum, one gets
c4γ2m20 = γ
2v2c2m20 + c
2γ2s2m20. (2.3)
The term on the lhs represents the total energy of the particle, whilst the first term on
the rhs is equal to c2p2 . By introducing the definitions of γ = (1 − β2)−1/2, β = v/c
and of s the energy-momentum relation emerges,
E2 = c2p2 + c4m20. (2.4)
This may be considered as a clear indication that a quntization of the general rela-
tivity might be obtained by formulating the field equations inside an IPN, τ , [48].
Also, it is important to notice thereby that τ ∈ T ⊂ IR1. In other words the relativity
time, t, in Minkowski space (as the Cartesian product,M4 = iIR1×IR3 of the Euclidean
space, IR1 and iIR3 ) is homeomorphic to the Newtonian time (t ∈ IR1 ).
We shall abandon the view that time, t, in relativity during every fundamental inter-
action takes values from the whole IR1. Instead, it will be assumed throughout that
t ∈ τ .
2.4 The Wheeler’s foam space-time topology
An interesting space-time topolology was proposed by Wheeler [14] in the framework of
the geometrodynamics, a name coined by Einstein. Wheeler followed Einstein’s vision
according to which all quantum phenomena - waves and particles - should be traced
back to geometrical properties of a superspace-time. This superspace-time is multiply
connected and its topology varies as a consequence of geometrical dynamical quantum
fluctuations. The space-time structure envisaged by Wheeler very much resemles the
topology of our superspace-time, but there are many substantial differences. These
differences originate from both, the way of generating the superspace-time and the
constants characterizing its structure.
Since Wheeler does not give a formal characterization of the topology in terms of its
topological properties, we give in Table 2.4 the main properties extracted from [14] in
comparison with the corresponding properties of our superspace-time.
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Table 2.1: Properties of two superspace-times.
n Property Wheeler superspace-time Present work
1 Origin Quantum Fundamental
fluctuations interactions
2 Symbolic – (T κ14 ⊕ T κ24 ⊕ . . .T κΛ4 )×R3
definition
3 Geometry Neither unique nor Every sub-sheet is
classical. It fluctuates is a sub-manifold of
everywhere with Minkowski’s or of
amplitudes comparable Riemann’s space-
to Planck’s length between time. It is a mul-
configurations of various tiply disconnected
sub-microscopic geometry.
curvatures and different τκλ ×R3 ⊂ M¯4κλ.
topologies.
4 Topological The geometries which Multiply disconnected,
appear with high pro- locally Hausdorff.
babilities are multi-
ply connected Haus-
dorff geometries
(foam structure).
5 Dimensions ∞∞3 ∞3K ∀K ∈ ZZ+
6 Time topology Newtonian T4
2.5 The stochastically branching space-time model
Interesting from the point of view of the present work is the model of the stochastically
branching space-time discussed by Douglas [19]. This model of space-time is inspired
by the Many-World interpretation of quantum mechanics [50].
The main features of this time topological space (Y , t) ⊂ IR2 are: The space-time
is constructed as the Cartesian product of certain open or semi-open time intervals
Wi(α, β), i = 1, 2, . . . , 5, where (α, β) are real,and IR
3 is the Euclidean space. The sets
Wi are defined by:
W1(α, β) = {(t, 0) | α < t < β ≤ 0}
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W2(α, β) = {(t, 1) | 0 ≤ α < t < β}
W3(α, β) = {(, 0) | α < t < 0} ∪ {(t, 1) | 0 ≤ t << β}
W4(α, β) = {(t,−1) | 0 ≤ α < t < β}
W5(α, β) = {(t, 0) | α < t < 0} ∪ {(t,−1) | 0 ≤ t < β}
The main properties of this space-time are:
i) It is locally Euclidean.
ii) It is not Hausdorff.
iii) It associates probabilistic properties with the topology of the space-time.
iv) It is based on the Many-World interpretation of quantum mechanics.
v) The time topology cannot accommodate in general physical interactions, because
they take place in the present t = 0 of the rest frame of reference. This point in
the model is not uniquely defined.
The above given sets have topological cuts at t = 0. more precisely: W1(α, β) represents
the lower section of the time (past) and it has no largest element. W2(α, β) and
W4(α, β) represent the upper sections (futures) and they have no smallest elements.
W3(α, β) and W5(α, β) consist of two lower sections and two upper sections. The lower
sections have no largest and the upper sections have smallest elements.
This time topological space (Y , τ) has the structure in the simplest case
Y = {(t, 0) | t < 0} ∪ {(t, 1) | t ≥ 0} ∪ {(t,−1) | t ≥ 0} ⊂ IR2. (2.5)
It is seen from the above that the ’present’, which is the only directly observable part
of the time consists, of a cut in IR1, because the past of the model has no largest
element, and the future has a least element (t = 0). This topological structure of the
’present’ makes ambiguous the solution of the fundamental time-dependent differential
equations of physics at t = 0 describing transitions from t < 0 to t > 0 (Fig. 2.3 ).
It should be pointed out that all experimental physical measuring processes take place
at the ’present’ of any time topology. Just this point is not uniquely defined in Douglas
time topology. On the other hand, of course, measurements in the past time or in future
states of a given quantum system are, in general, impossible.
The existence of the cut implies that between any particular open set {(0, t) | t ≤ −0}
and the present, t = 0, of the open sets {(t, n) | t ≥ 0, n = ±1,±2, . . .} there must exist
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Figure 2.3: The simplest case of Douglas’ time-topological space. The fundamental
time-dependent differential equations of physics (Schroedinger, Dirac, quantum field
theories) are not unique at the ’present, t = 0. The time line has a cut at t = 0, and
is for t = 0 + ǫ multivalued.
neighbourhoods of time points which do not contain the ’present’ t = 0 for particles
coming from the past.
Also, the transition from the ’past’ to the ’present’, at which a future state is generated,
happens during a time interval of measure equal to zero. This is not in agreement with
the experimental evidence according to which interactions are associated with a finite
duration.
3 Chrono-topology and space-time of the funda-
mental quantum interactions
We mentioned in various occasions in the foregoing sections the reasons for which the
Newtonian universal time must be replaced by the appropriate time-space topology. We
are going to discuss in this section more in depth the time problem and its consequences
for the quantum processes resulting from the IR1 topology assumes in the past.
3.1 Operational meaning of the commutation relations
The idea that time is related to energy changes is not new. Already Schroedinger and
Pauli considered the relation of the time with the energy as a direct consequence of
the commutation relations
[x, p] = ih¯Iδµν µ, ν = 1, 2, 3. (3.1)
However, the position coordinate, x, and the conjugate momentum, px, are related, de-
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spite their independence in the sense of the mathematical analysis of the phase space
mechanics, not just by the commutation relations. There is still an other reciprocal
physical relationship: The change, ∆x, of the position variable, x, of a particle gen-
erates its momentum, px. The converse is also true. The change of the momentum,
px, (or even its mere existence) of a particle necessarily implies change, ∆x, of its po-
sition, x. This mutual relationship has not been sufficiently emphasized although its
existence is quite evident. This relationship will prove very instructive in the following
considerations about the generation of time.
The commutation relation between the energy operator H and the time operator t is
[51]-[52]
[t, H ] = ih¯I. (3.2)
The ”generating” relationship between energy change and time change is apparent
here, as it was in (3.1), for the pair (x, px).
In quite a similar way, the change, ∆E, of the energy of a particle generates the time
laps, ∆t, which is appropriate for the description of this particular event [1].
A further analogy between (3.1) and (3.2) of great importance for the understanding
of the nature of the time is the following: The result of applying (3.1) on a wave
function is to describe the creation of a quantum pertaining to the particle having the
momentum, px.
Similarly, the application of (3.2) on a wave function creates a quantum pertaining to
the particle having the energy E.
It is appropriate to emphasize that every time neighbourhood pertains to the particle
in its rest frame subject to the corresponding interaction. It would not be in agreement
with relativity, if the same time neighbourhood would be used universally to describe
the evolution of other interactions at different points of the space.
3.2 Change and time
By ”mixing” the time and the space variables, as it happens in the Lorentz trans-
formation, we do not yet fully eliminate the classical, absolute character of the time.
Such should be achieved better by attaching to every one act of elementary energy
changing interaction its own time neighbourhood. It takes values exactly as long as
the interaction is going on.
Considering that in a many particle system each particle’s history is described by its
own set of time neighbourhoods - each one starting and ending with the starting and
the ending of the corresponding interaction (causing associated changes in observables
of the respective particle) - it is not obvious at first sight, which one of the many
”pieces” of time (which, by the way, clearly may overlap partially or entirely, in the
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sense of the relativistic simultaneity) would be appropriate to descricribe the set of
particles as a physical system. This difficulty is avoided by introducing the notion of
the IPN. In conformity with the above ideas we shall prove the following
Proposition 3.1
The changes (∆x′,∆t′) of the coordinates (x′, t′) in observer’s moving reference system
of an event (x, t) in its rest system of reference are linear functions of the changes
(∆x,∆t).
Proof
Consider the Lorentz transformations:
x′ = γ(x− vt) (3.3)
and
t′ = γ(t− (β/c)x). (3.4)
where γ = 1/
√
(1− β2), β = v/c.
Let x = 0 in (3.3). Any change ∆t, of the time t, is a linear function of the change ∆x
of x. The converse is also true: It follows from (3.4) that the change ∆t′, of the time
t′, for t = 0 is a linear function of the change, ∆x, of the space variable, x, and vice
versa.
Therefore:
∆x′ = −γv∆t, (3.5)
∆t′ = −γ(β/c)x (3.6)
and the proof is complete.
Remark 3.1
This obvious and rather trivial result is known to many people since almost one century.
However, its special meaning seems to have escaped hitherto our attention: If we
convene to consider the coordinate x as an observable, then (3.6) is a regular, continuous
map of the change of an observable to a linear set, the IPN.
In addition, ∆x represents in physics the displacement of, e.g., a particle. By generaliz-
ing this to any observable change one obtains a map of the changes onto the time-space.
This is a generalization of Proposition 3.1.
21
Table 3.1: Orders of magnitude of the IPNs for QED and QCD following from (3.5),
(3.6) and the magnitudes of atoms and nuclei.
Theory β approx. radius [m] IPN diameter δ(τ) [s]
QED .1 10−10 10−19
QCD .1 10−15 10−24
3.3 The construction of the time-space topology
The following Definition 3.1 and Definition 3.2 are considered as the two axioms
of the present new chrono-topology developed in this work.
Axiom I.
All time definitions, classical or quantal, are based on some process implementing a
change, natural or technical and generates time neighbourhoods. The generated IPN’s
are regular, into-maps of just these changes.
Axiom II.
Every fundamental interaction is associated with (different among them, but) finite
changes of the involved physical observables. The changes of the observables have in-
trinsic the random character, as to their embedment in the Newtonian time. They start
at irregular Newtonian times and have, within limits, stochastically distributed dura-
tions. They may be thought of as embedded in the Newtonian universal time, IR1, but
their union has not the topology IR1.
Axiom III.
The elements of an empty set, ∅, of a class of observable sets {Oλ|λ ∈ Z+} are not
observable, and their values are identically equal to zero.
Figure 3.1: Representation of six IPNs {τi|i = 1, 2, . . . 6}, the union, T4, of their
projections, and a subset, T ⊂ IR1, of the Newtonian universal time, IR1, in which T4
may be considered as embedded.
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Here is the principal definition of the interaction proper-time neighbourhood, the IPN:
Definition 3.1 Let O be an observable characterizing one or both of a given pair of
interacting quanta. Let ∆O be the corresponding change due to a fundamental inter-
action. We define the IPN (interaction proper-time neighbourhood) as the regular and
continuous map:
τλ = IPN = f : ∆O → τλ = f(∆O) ∈ T4. (3.7)
IPN is the time ”quantum” of the process corresponding to the fundamental interaction
under consideration, characteristic of and proper to that interaction and only to that.
3.4 The many-folded super space-time
Definition 3.2 1. Let K × ΛK pairs of quanta interact.
2. Let {TK | κ ∈ [1, K] ≡ IK ⊂ ZZ+} be a family of subsets TK ⊂ IR1 such that
{TK ∩ TK ′ = ∅ | ∀(κ, κ′] ∈ IK ⊂ ZZ+}.
3. Let {τκλκ ∈ TK , ∀λκ ∈ [1,ΛK] ≡ IΛK} be a family of IPNs such that
{τκλκ ∩ τκλ′κ = ∅ for λκ 6= λ′κ}.
We define:
1. The Λκ-fold, disconnected time-space by
T (Λκ)4 = τκ1 ⊕ τκ2 ⊕ . . .⊕ τκΛκ. (3.8)
{δ(τκλκ)} may be thought as the random absolute values of vectors orthogonal at
every point of Riemann space-like super-surfaces.
2. The Λκ-fold, disconnected super-space-time in the sense of λκ-fold Riemann super-
space-time by
M¯4Λκ = i (τ1 ⊕ τ2 ⊕ . . .⊕ τΛκ)× IR3, (3.9)
where IR3 is a 3-dimensional Riemann space.
The formulation of a physical theory in terms of generalized random and infinitely
divisible fields requires space-time structures of the above form.
To make this clear, let us consider one single IPN, τ1, and the corresponding space-
time, M¯4κ1. The lower index signifies that M¯
4
κ1 = iτκ1 × IR3, and this space-time is
simple in time, i.e., a subset of a Riemann space. If IR3 is flat, then M¯4κ1 becomes a
subset of the Minkowski space.
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If there are two different IPNs, (τκ1, τκ2) such that on the one hand τκ1∩τκ2 = ∅ and on
the other hand their projections π1, π2 into Tκ satisfy π1 ⊆ π2, then the corresponding
space-time is M¯42 = i(τκ1 ⊕ τκ2) × IR3. This space-time is two-fold in time. In case
IR3 = E3, the Euklidian 3-space, M¯42 is not a subset of Minkowski’s space anymore.
It is said in terms of relativistic simultaneity fully or partly simultaneous according to
the relations
(π1 ⊆ π2) ∧ (π1 ⊇ π2) or (π1 ⊆ π2) ∨ π2 ⊆ π1)
respectively.
More generally, if λκ IPNs satisfy
τκλκ ∩ τκλ′κ = ∅, ∀(λκ, λ′κ) ∈ Iκ
and their projections into Tκ
(πλκ ⊆ πλ′κ) ∧ (πλκ ⊇ πλ′κ) or (πλκ ⊆ πλ′κ) ∨ (πλ′κ ⊆ πλκ), ∀(λκ, λ′κ) ∈ Iκ,
then the strucure of M¯4κλκ is even higher.
In a λκ-fold in time space-time the decomposition of a divisible field L in up to λκ
terms is possible without interfering neither with the definition of the function notion
nor with the conservation laws of physics cases in which f(x) 6= 2f(x). An illustration
of our time-space K = 4, (Λ1 = 1,Λ2 = 2,Λ3 = 2,Λ4 = 1), is given in Fig 3.1, while
the case K = 3, (Λ1 = 2,Λ2 = 3,Λ3 = κ) time-space is shown in Fig. 3.2 .
Figure 3.2: Three types of many-folded time topological time-spaces, two-fold, T 24 ,
three-fold, T 34 and κ-fold, T κ4 . These time-spaces give rise to the creation of the space-
times, M¯412, M¯
4
23, M¯
4
3κ.
It is important that the time in, e.g., the rest frame of a particle is related to its
corresponding interaction. If to all IPNs were given the properties of one single IPN,
the time-space would lose its randomness.
We put just this time in the equations of Schroedinger, of Dirac and of QFT in connec-
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tion with problems of nuclear and sub-nuclear intereactions. The time change within
an IPN cannot generate the impression of flowing: i) it escapes the discrimination
power of the human sensors, and ii) There is one single IPN and no ordering is feasible.
On the contrary, for a moving observer the reaction time may flow or not flow further
depending, according to (3.4) above, on whether the particle changes either its position,
x, or its time, t, or both, or any other of its observables. Hence, it is clear that the
particle reaction time cannot be identified with the universal time which is the union
of the maps of all observable changes, occurring in the entire observable universe.
Remark 3.2
The factor T4 determines the structure of the new space-time M¯4κ .
The space-time, M¯4κλκ , λκ-fold in time is the natural space-time for the application of
the theory of the generalized and inifinitely divisible fields.
Remark 3.3
Time-dependent quantum equations not including interactions do not supply us with
any physical information regarding the evolution of the particle system. For example,
an electron moving in vacuum without interaction is described by free-field quantum
time-dependent equations, but it does not exist, it is not observable.
However, the situation is still more complex: The kind of time topology Nature chooses
in every individual case of interacting particle systems, depends on the number of
the interacting particle pairs and on whether the interactions are partially or totally
simultaneous in the sense of relativity. One easily realizes based on our definition of
the time that the topological space, T4, tends to the space with the natural topolgy of
IR1, if the number of the interacting particles becomes very large and the intersections
of the adjacent IPNs are not empty anymore [48]. More precisely:
{(T4 = natural topology of TΛ → IR1) ∧ (M¯4Λ →M4) for Λ→ ZZ+} (3.10)
M¯4Λ is the physical space-time created by the dynamics and yields the scenery for the
evolution of the dynamical particle systems.
M4, Minkowki’s space-time, is a mathematical object representing the limit of M¯4Λ for
an infinity of interacting particles, such that {τλ| ∀λ ∈ Λ→ ZZ+} is a covering basis of
IR1.
3.5 Randomness and covariance
The randomness of the IPNs in a set of interacting particles is a direct consequence
of the randomness of the interaction durations. Also the randomness of the physical
fields as well as the resolution of some paradoxes in quantum theory can be understood
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on the basis of the topology of T4 in the rest frame of the interacting particles.
1. The topology of the time-space in the reference frame of a moving observer is
determined through Lorentz transforming the time-space T4 to the time of moving
observers with respect to interacting particles.
2. All functions f(x) of the space-time coordinates (x0, x1, x2, x3) ∈ M¯4κ bear the
random character of the time topology of T4.
3. In the topology of space-times resulting from T4 the time and the space do not
flow. The domain of the coordinates {xµ|µ = 0, 1, 2, 3} is compact in the subsets
of the disconnected space-time M¯4κ .
The above observations give rise to the question as to the covariance of the fundamental
equations of QFT in the super space-time. It is not difficult to see that this aspect of
the theory does not suffer any important change.
Since every single physical process takes place inside its respective IPN, it is sufficient
to verify that the equations of quantum mechanics and of QFT remain covariant for the
Poincare transformation group within the space-time for M¯4κ for κ = 1. The Noether
theorem is valid in every IPN and the proof is identical to the usual proof in the
Minkowski space-time and it is omitted.
3.6 Chrono-topology and irreversibility considerations
The chrono-topology opens new possibilities for the investigation of the U and R kinds
of time evolution. We continue here the the examination of these aspects.
i) The fundamental equations of physics - including interactions - as well as the
phenomena described by them are time-reversal invariant on every single IPN,
τ . The conservation laws are valid for U processes. All phenomena are time
reversible inside one and the same IPN, τ , during U time evolution.
ii) But (attention!) the event that the time-reversed interaction action-integral
equals the action-integral of the (factual) reverse interaction has a zero prob-
ability measure.
The probability measures for these processes have the following properties:
i) The measure, µDirect, for the direct process is associated with a mathematically
realizable and physically possible process.
ii) The measure, µT ime−reversed, for the time-reversed process is associated with a
mathematically realizable process wich is physically impossible.
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iii) The measure, µReverse interaction, for the reverse interaction corresponds to a pro-
cess both mathematically and physically possible. It is important to realize that
a time reversed and a factually reverse reaction do not take place in the same τ .
The combinations of the measures have the properties:
µDirect, µT ime−reversed, µReverse interaction > 0,
Probability measure{µDirect = µReverse interaction} = 0,
Probability measure{µDirect = µT ime−reversed} = 1.
These relations can become more clear with the help of three, generally, different well-
ordered IPNs IPNs {τ1 ≻ τ2 ≻ τ3}. Suppose that the direct and the time reversed
reactions take place for t ∈ τ2. Since the factually reverse reaction cannot proceed
simultaneously with the direct reaction, it will take place either in τ1 ≻ τ2 or in τ3 ≺ τ2.
{TIME-REVERSED action
∫
dtH(t), t ∈ τ2} 6=
{action
∫
dtH(t) of the REVERSE interaction (t ∈ τ1 ≻ τ2) ∨ (t ∈ τ3 ≺ τ2)}.
The above relation (i.e., ”time-reversed process action” is different from the ”action of
the factually reverse process”) holds true, because the IPNs
{τ1, τ2, τ3}
may be different in two respects:
1. As sets.
2. As set diameters, {δ(τλ), λ = 1, 2, 3}.
On the other hand, the ranges of any functions in {τ1, τ2, τ3} are, with high probability,
different at least for two reasons:
i) δ(τλ), λ = 1, 2, 3, as numbers: Probability measure {δ(τi) = δ(τj), j 6= i} = 0, and
ii) τλ, λ = 1, 2, 3 as point sets: Probability measure {{τi} ∩ {τj} = ∅} = 1, j 6= i.
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3.7 Planck time and chrono-topology
Despite the differences between our space-time topology in conception and in construc-
tion method and the space-time foam of S. Hawking [24] there is, nevertheless, a certain
resemblance at the limit δ(τλ)→ Planck time ∀λ ∈ ZZ+, when the interactions become
very fast.
If the ”foam” time intervals had all the Planck time magnitude they would loose the
random character.
If the observers lived in τ , it would be impossible to compare τj with τi for i 6= j,
because each τ is its own unit in the rest frame. However, such a comparison is for the
human observers perfectly possible, because our senses are exposed to quanta coming
from many different, but, more or less, overlapping interactions in T ⊂ IR1, due to our
ability to observe (almost) simultaneously more than one physical changes.
The time-space topology T4 introduced above bears intrinsically the random character
of the IPNs. It is this property that imposes randomness to every function of the time.
An important observation is that the randomness can be perceived by the observers,
because they are living in the background of the Newtonian time which has the topology
of IR1.
Some examples of functions defined in τ becoming random are:
i) The space-time coordinates for the moving observer of a particle system. The
observers are almost in all cases moving with respect to the interacting elementary
particles, so that observation is mediated by Lorenz transformations.
ii) All observables expressed as functions of the space-time coordinates in the rest
frame of reference of the observer.
iii) The components of the quantum fields which become generalized random fields.
iv) The Hamiltonian and the Lagrangian densities become generalized random and
infinitely divisible fields, thus admitting the representation
F (φ(x), ∂φ(x)) = F (φ(x1), ∂φ(x1)) + F (φ(x2), ∂φ(x2)) + . . .+ F (φ(xλ), ∂φ(xλ)),
κ = 2, 3, . . . for x ∈ M¯4κ .
for κ ∈ ZZ+ and with probability distributions independent of κ.
v) The metric tensor gµν of the space-time in general relativity.
The IPNs, as maps of finite observables’ changes through interactions, they are
each one compact in T ⊂ IR1, and their set diameters are empirically inversely
proportional to the strength of the interaction.
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4 Microscopic and macroscopic system-time
The considerations of the foregoing sections make clear that any time variable defined
to describe a microscopic system will be conceived as the union of IPNs {τ} generated
during the numerous interactions of atomic, nuclear or sub-nuclear constituents of the
system under observation. It becomes, therefore, clear that every sytem of particles has
its own macroscopic time given by the union in question. If two different particle system
S and S’ have equal numbers N=N’ of identical particles, interacting via identical
forces, they may or may not have identical microscopic IPNs.Because the changes of the
observables and, consequently, their maps, the interaction proper-time neighbourhoods,
are random.
If the numbers of the interactions i, i′ ∈ I ⊂ ZZ+ in the two systems become very
large, then the microscopic system time variables t and t′ of the respective systems of
particles will be with high probability the congruent time neighbourhoods τ and τ ′.
They take values in the union of the IPNs {τ ∈ ⋃i∈I τi and τ ′ ∈ ⋃i′∈I′ τ ′i′ pertaining to
the set A of interactions between the set B of particles in the systems (T4 in 3.1):
4.1 The microscopic system-time
A = {α} is the set of the numbers of interactions taking place in one single particle
system with IPN projections in IR1 partially or totally overlapping. B = {β} is the set
of the numbers of interacting particle pairs with disjunct IPN projections in IR1.
Definition 4.1 Every closed microscopic system of interacting particles has its own
microscopic system time given by:
Microscopic system time :=
τ ∈
⋃
α∈A
⋃
β∈B
τ (α,β) (4.1)
= Union of all factual IPNs for a small number of elements in the index sets
A = {α} and B = {β}.
There are possible topological cuts and gaps in the set of individual IPNs, if the system
consists of a small number of particles.
4.2 Macroscopic system-time
If {A} and {B} are families of sets as defined in 4.1, then we give
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Definition 4.2 Every closed system of interacting quantum systems of particles has
its own macroscopic system-time given by
Macroscopic system-time =
T :=
⋃
A∈{A}
⋃
B∈{B}


⋃
α∈A
⋃
β∈B
τ (α,β)

 (4.2)
= Union of all factual IPNs with large number of elements in the index sets {A} and
{B}.
Remark 4.1
The facility with which a moving observer describes the macrocosmos by means of a
continuous time variable is based in its embedment in the universe at large. The col-
lection of all observable interactions in the universe generates the Newtonian universal
time despite the countability of the sets A and B. An important part plays here the
limited time discrimination power of the observer for sucsessive IPNs (4.2).
Figure 4.1: The macroscopic system-time T ⊂ IR1 is a subset dense in IR1 with a high
probability measure.
4.3 The relationship of our chrono-topology with the Newto-
nian time
On the basis of the above defined universal time and of the relativity theory it is possible
to decide about the priority, the simultaneity and the posteriority of a number of events.
We consider an observer observing simultaneously an interacting particle together with
the interacting particles of all observable (by him) systems in the universe.
If the number of the interacting particles in other particle systems perceived simulta-
neously by the observer, or interacting with the particle under consideration and if the
corresponding number of IPNs is very large, the previously disconnected time-space
acquires the topology of the universal time, i.e., the union becomes homeomorphic to
an interval of T4 ⊆ IR1. Hence, in case ’N is very large’, T consits entirely of partially
overlapping IPNs, and a continuous macroscopic time variable emerges, t ∈ T ⊆ IR1.
This is identical with a subset of macroscopic or universal Newtonian time.
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Next, suppose there is a neighbourhood in the universe from which not all physical
events of the universe are observable from observer’s rest frame of reference. The
physical changes of observales in observer’s neighbourhood allows to him to define his
macroscopic time by means of (4.2).
If the distinct physical observable changes in the neighbourhoods, not observable from
his rest frame, do not proceed in the same way (different distributions of energies or
temperatures) as in his own neighbourhood, then the time topologies in these different
neighbourhoods of the universe may be quite different and the times may ’flow’ in
different ways.
Hence, the macroscopic times defined in two different space-time neighbourhoods of
the universe may, in principle, differ from one another. This opens the question about
the possibility to define one single time for the entire universe in cosmology.
It seems to us that one cannot cunstructively define one single macroscopic time in all
neighbourhoods of the universe. If this is so, the time definition in cosmology might
be questionable.
5 Planck’s constant from Liouville’s time quantiza-
tion
Empirically, all fundamental interactions are of finite durations. Consequently the
interaction proper-time neighbourhoods, being defined as regular injective maps of
the changes of the observables implied by the respective interactions, have in every
particular case a finite diameter. Also, considered from the point of view of the number
of the exchanged quanta, the interaction time is factually finite.
From these facts it becomes clear that the time variable for atomic and sub-atomic
reactions can be only a sectionally continuous function of the changes of the observables.
5.1 Liouville reality and form invariance of the distribution
function with respect to the number of particles
It is interesting to show that this intuitive truth can be demonstrated also in a formal
way in the framework of the classical theory of the Liouville equation. The fact that the
Planck constant is determined from the solution of Liouville’s equation in the present
section it may be considered as an indirect verification of the above ideas. For this
purpose we shall prove first the following
Proposition 5.1
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1. Let PS = P ×Q be the phase space.
2. Let {p(n) ∈ P, q(n) ∈ Q, n = 1, 2, . . .N} be the phase space coordinates of an N -
particle system interacting via given constant forces {F (n)|n = 1, 2, . . .N ⊂ ZZ+}.
3. Let, further:
g(q, p, t) =
N∑
n=1

iλǫnt− µnF (n) · q(n) + µn
(
p(n)√
mn
− νnF (n)
)2 , (5.1)
L = ∂t +
N∑
n=1
(
p(n)
mn
· ∇q(n) + F (n) · ∇p(n)), (5.2)
p(n) · F (n) −F (n) · p(n) = 0, (5.3)
N∑
n=1
µnνn√
mn
(p(n)F (n) + F (n)p(n)) = 0, (5.4)
Im{f(g)} = 0, reality, (5.5)
f(g1) · f(g2) = f(g1 + g2) additivity, (5.6)
ǫn =
1
iλ
µnνn(F (n))2/√mn. (5.7)
Then,
(a) g(q, p, t) and f(g) satisfy
Lg(q, p, t) = 0, (5.8)
Lf(g) = 0. (5.9)
(b) The time variable t takes values in T4 which are given for λ = h¯−1 by
ǫnt = 2h¯πkn, n ∈ ZZ
+ and kn ∈ Z, n = 1, 2, . . .N. (5.10)
Proof
Application of L on g(q, p, t) gives
N∑
n=1
〈iλǫn−µn F
(n)
√
mn
·p(n)+1
2
µn
[ F (n)√
mn
·( p
(n)
√
mn
−νnF (n))+( p
(n)
√
mn
−νnF (n))· F
(n)
√
mn
]
〉. (5.11)
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From 5.1(c) and from 5.12 we infer (5.1g). This shows that
Lg(q, p, t) = 0. (5.12)
From 5.1(d) we conclude that f(g) satisfies 5.9.
5.2 The Liouville time quantization
Next, we put
f(g) = C exp{g(q, p, t)}, (5.13)
where C ∈ IR and from (5.1e, f) it follows that
tn = 2πh¯kn/ǫn, n ∈ ZZ
+ and kn ∈ ZZ. (5.14)
Since λ is an arbitrary constant and it has the physical dimension of an inverse action,
we have put λ = h¯−1, and (5.10) is a quantization condition for the time. It will shown
in 5.3 on the basis of experimental data that equation (5.10) can be used to determine
the value of the constant λ of (5.1) and to find that it equals the Planck constant. This
is very exciting, because Liouville’s equation is a classical equation.
Equation (5.14) can be used to obtain the system-time. If we sum both sides of it over
n, we find
EN tN = 2πh¯KN , KN ∈ ZZ
+, (5.15)
where we defined:
EN t =
N∑
n
ǫntn/tN , (5.16)
tN =
N∑
n
tn (5.17)
and
KN ≤
N∑
n=1
|kn|. (5.18)
We may take the total action in the system either as positive or as negative (see below
(7.14)), but we must assume that the total energy, EN , is conserved. Equation (5.15)
shows that the total energy being conserved, the time tN can change in steps according
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to KN . This completes the proof of Proposition 5.1
Corollary 5.1
Classical particle systems under constant forces are subject to quantized action.
Corollary 5.2
Time cannot flow continuously. If EN is conserved, and KN is kept constant, then time
is generated as neighbourhoods {τλ} and it does not flow.
Corollary 5.3
Time can flow for constant EN , only if various partitions {kn} occur with the same
KN in accordance with (5.12).
Corollary 5.4
If time changes, it does so in steps, ∆t, (Liouvillian time) at least as large as
∆t ≤ 2πh¯∆KN/EN . (5.19)
Corollary 5.5
Quantum processes are the faster (short δt) the higher their energies EN are.
Corollary 5.6
g(q, p, t) is form invariant with respect to the number, N , of particles changes.
Figure 5.1: x′-coordinate (x′ = γ(x−vt)) of a space-time sector with three values of the
Liouville quantized time as seen by a moving observer with velocity v = 2.75×108m/s,
The three space lines are reminiscent of a space having the form of strings. The length
of the string is proportional to x, the rest frame coordinate of the interacting particle.
The width of the string depends on the energy, ǫn-fluctuations, if any.
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Figure 5.2: The three lines, t′, (t′ = γ(t− β/c · v)) give the time for a moving observer
in a space-time sector resulting from a Liouville point time-spectrum. The velocity of
the observer frame of reference is v = 2.75 × 108m/s. The three lines remind us of a
space having the form of strings or fibers.
The initial question ’why time changes by steps’ is, thus, answered in the above classical
non-relativistic theory of the Liouville equation. The reason for this unexpected fact is
that this theory describes observable phenomena only, if two conditions are satisfied:
i) The energy distribution function of the particle system is real
ii) This distribution function is form-invariant with respect to the number of the
described particles.
The second condition (5.6) is equivalent to: The action integral of the sum of two
particle systems interactiong by means of constant forces is equal to the sum of the
action integrals of the separate particle systems, whose particles interact also by means
of constant forces.
These two conditions (5.5, 5.6) imposed on the distribution function entail the quan-
tization of the time which then changes by steps. These conclusions, if taken at face
value, modify our picture of the time even in a classical theory of atomic systems. They
indicate that quantization is a fundamental property of the elements of matter as well
as of radiation (Planck black-body radiation).
Figure 5.3: The time spectrum resulting from the additivity and from the reality
conditions for the elementary Liouvilian distribution functions. Constant interaction
forces and conserved total energy, EN , are assumed. If the particle energies, ǫn fluctu-
ate, then, obviously, the discrete point time-values change to time neighbourhoods of
fluctuating measure.
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5.3 Determination of Planck’s constant as a verification of
chrono-topology
There are several methods for the determination of the value of Planck’s constant. It
is natural to expect - as it really is - that this constant which is the ”trade mark” par
excellence of quantum physics, should be the result of calculation based typically on
some genuine quantum phenomena and on data following from them.
It is just because of this fact that we consider it as extemely surprising that the value
of Planck’s constant follows from a classical theory. This theory is Liouville’s equation
supplemented with the reality condition and the form invariance requirement of the
particle distribution function.
We consider this fact not as an accident and we believe that it entitles us to think about
it as an experimental verification of our chrono-topology. We use for the calculation of
the (λ =)h¯-value expression (5.14)
h¯ =
ǫ1τ¯1
2πk1
(5.20)
We also consider that the energy ǫ1 is the thermal (translational) energy of the gas
molecules
ǫ1 =
3
2
kBT, (5.21)
where kB = 1.38 × 10−23J/K is the Boltzmann constant. We take as temperature of
the gas T = 300K. We have still to find τ¯1 and to spcify the quantum number kn.
We consider first the atomic hydrogen gas, put kn = 1 and take for the atoms’ average
interaction range RAtomic ≈ 1.45×10−10m. The average interaction time, τ¯1, is given
by
τ¯1 =
2RAtom.√
2ǫ1/MAtom.
, (5.22)
where the denominator is the average thermal velocity of the atoms with the mass
(chemical atomic mass unit = 1.007593)
MAtom. = (1.007593× 1.65969× 10−27 + 9.1083× 10−31)kg
= 1.6732× 10−27kg. (5.23)
The above parameters lead for the atomic hydrogen gas to the value
h¯ =
3
2
kB300
3×10−10√
2 3
2
kB300/(1.6732×10−27)
2πk1
= 1.0525× 10−34Js, (5.24)
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h¯ = 1.0525× 10−34Jsfrom atomic hydrogen
which is not far from the experimental value.
If we consider molecular hydrogen gas, MMolec. = 2MAtom., RMolec. = 2.05 ×
10−10m,K2 = 2, then we find
h¯1.0522× 10−34Jsfrom diatomic hydrogen. (5.25)
6 Examples of quantum space-time M¯41 -Implications
of the chrono-topology
In the preceding section conditions have been given under which time cannot change
continuously for a system of particles of given constant total energy interacting via
external forces. This formal proof is supporting the experimental evidence that time
is a map of changes in observables involved in the fundamental interactions.
6.1 About the time flow in nature
It follows, therefore, that at least under the above restrictive conditions time is quan-
tized. Using the Lorentz transformation it is easy to show that for a moving observer
space is also quantized in the form of M¯41 .
To see this let us suppose the time is indeed generally quantized and observe the motion
of a particle. As long as a time quantum is ’flowing’ we see the particle moving, i.e.,
changing its position in space. At the end of the time quantum flow, and before the
beginning of the next time quantum flow, no position change is observable. Because, if
motion were observable, it would be used to define an other time quantum flow which
is contrary to the assumption according to which the next time quantum flow has not
yet started.
But if a space position change can be observed only during the time quantum flow which
can be due only to some fundamental interaction, then, clearly, space is observable
as quantized. This can be made clear more formally. We can calculate exactly the
structure of a subset of the space, M¯41 , provided a set of IPNs is given.
We consider the Lorentz transformation
x′ = γ(x− vt) (6.1)
t′ = (t− β/cx) (6.2)
37
in which (x, t) are particle coordinates in the rest frame of reference and (x′, t′) ∈ M¯41
are the coordinates observed by a moving observer. This transformation is necessary in
view of the fact that almost all interacting particles move with respect to the observer.
An example, of how a coordinate x′ ∈ M¯41 appears for fixed x in the rest frame to a
moving observer, is given in Fig. 6.1. In this example arbitrary scale factors are used.
It is seen, therefore, that the quantization of the time implies also the quantization
of the space by means of the Lorentz transformation. This, however, is not the only
consequence for the observer. The discontinuity of the time and the fact that time is
embedable in R1 produces psychologically for the observer an application of Zermolo’s
well-ordering theorem on the generated time quanta, i.e.,
{τλ ≻ τλ+1, ∀λZ+} (6.3)
This runs as follows: Every new τλ′′ ≺
tauλ′ observed is added (psychologically) to the set {τλ, λ < λ′}, and this creates the
impression of a flow.
Such a flow is not physical, does not exist outside the observer’s mind, and time does
not flow in full agreement with Relativity.
6.2 The diameter of the IPNs
In actual experiments we have to put the interaction times whose orders are estimated
from experience in Table 6.1 independent of Table 3.1 :
Table 6.1: Orders of magnitude of the in the fundamental interactions according to
evidence
Measure of IPN in QED 10−18s to 10−14s.
Measure of IPN in QCD 10−44s to 10−18s.
6.3 Interactions and observability
Hence, the subset of the Minkowski space (x = const) M¯41 for moving observers is
quantized with respect to the rest frame of the interacting particles. In view of the
above, we prove the following
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Figure 6.1: The coordinate x′ according to (6.1a, b) in the space-time topology created
by a set of 7 disconnected IPNs {τλ|λ = 1, 2, . . . 7} due to 7 fundamental interaction
events in rest at x = 1. The {τλ} - and the x′-neighbourhoods obtainable as orthogonal
projections on the corresponding axes are represented in the graph as embedded in
the T - and in the IR1-axes for t and x′ respectively. The measures of and the gaps
between the t - and the x′-neighbourhoods are random. Seen by a moving observer
and generated by Lorentz transformation with v/c = 0.916667. Arbitrary scale factors
are used.
Proposition 6.1
An non-interacting particle at x=0 in its rest frame of reference is unobservable by all
moving observers.
Proof
From (6.1) and from x = 0, it follows that x′ = −γvt. On the other hand, if C is a
constant, the map of the empty set
∅ → C∅ = ∅, ∀C ∈ Rset1 (6.4)
is a regular, continuous map of the empty set onto itself. Since t ∈ τλ = ∅ it follows
that x′ ∈ ∅. The set of the particle coordinates for the moving observer is empty and
no particle coordinate is observable. Since the constant C may be any number, we may
put C = γ, and the proof is complete.
Corollary 6.1
No space-time neighbourhood is observable, if there are no interacting particles in it.
An application of this corollary is the non-observability of the quarks in the asymptotic
freedom state.
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6.4 Sheets of space-time
For non-fixed x-coordinates of a particle in a frame of reference, with respect to which
the observer moves, a projection of the space M¯41 appears as two distinct sets of world
sheets with widths of the orders given in Table 6.1 and random values. The two sets
of world sheets lie in two planes forming the angle θ = tan−1(1/γ).
Figure 6.2: World-sheet topology of M¯41 created by four fundamental interaction events
in the rest frame of the particle system as observed (after Lorentz transformation) by
a moving observer.The widths of the sheets equal to their respective IPNs.The widths
of the lower set of sheets equal to the gaps between successive interactions. The IPNs
are randomly embedded in the Newtonian t-axis and in the Euclidean x- and x′-axes.
In this graph the ratio of the velocities is v/c = 0.996667 and the scale factors are
arbitrary.
7 Chrono-topology, QFT and irreversibility
Roger Penrose in his celebrated books ”Emperor’s New Mind” and ”Shadows of the
Mind” has analyzed virtually all problems of contemporary Physics. A particularly
important position takes among them the problem of the reduction of the wave function.
He - as now we may see - very clearly states that ”something new must be discovered
to solve these problems”. We believe that this is the new time topology, the chrono-
topology. Let us start it in a slightly different way: There are two simple, since long
puzzling, fundamental facts in physics:
7.1 Boltzmann versus Schroedinger
• The one fact is that Quantum Statistical Mechanics (QSM) is based on essentially,
the expression ”exp[−E/kT ] ” or its various formal expressions.
40
Figure 6.3: M¯41 space-time sheet topology due to five fundamental interaction events
in the rest frame generated through Lorentz transformation and seen by a moving
observer (Data as in Fig. 6.2). It is evident, how strongly the topology depends on
observer’s motion on the number of the interactions taking place in the neighbourhood
of the observed system in its rest frame of reference.
Figure 6.4: Three world sheets giving the time for a moving observer with three different
velocity ratios, β = v/c, with respect to the interacting pair of particles due to one
single IPN. Arbitrary x and t scale factors. The t′ scale factor follows from the Lorentz
transformation.
• The second fact is that quantum field theories (QFT) produced hitherto, instead,
the factor ”exp[−iEt/h¯]”.
The deeper reason for the difference of these two kinds of theories resides in the space-
time topology [1]. QFT sits in Minkowski’s topology, (ict, x, y, z) ∈ M4, QSM is based
in the Euclidean topology, (t, x, y, z) ∈ R4 [53].
Many prominent authors have constructed highly sophisticated theories aiming at
paving the way for QSM to move from R4 to M4. However, a simple problem remains
still unsolved: The derivation of the statistical, or the Boltzmann factor, exp[−E/kT ],
from QFT in Minkowski’s topology.
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Figure 6.5: Space-time neighbourhoods {S ′i ∈ M¯41 |i = 1, 2, 3, 4} created by four random
IPNs in the rest frame of reference at the fixed point (y, z) and in the time neighbour-
hoods {τi|i = 1, 2, 3, 4} (arbitrary scale factors).
Figure 6.6: Fifty M¯41 space-time neighbourhoods created by an equal number of
fundamental interactions in the rest frame of the interacting particles. The continuity
is generated through overlapping of adjacent neighbourhoods. For small numbers of
partially simultaneous interactions M¯41 is disconnected.
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1. N. N. Bogolubov introduces in his books [55] the factor in question in a directly
ad hoc way.
2. On the other hand, J. Glimm and A. Jaffe [54] obtain the factor exp[−E/kT ]
from the Gibbs ensemble, i.e., from an extraneous theory.
3. Similarly, Itzykson and Zuber [53] consider the expression exp[−β(H − µN)] in
their book on QFT as a priori given, where β = 1/kT and µ is the chemical
potential.
7.2 Time and temperature - The Wick rotation problem
Other authors apply the Wick rotation, t→ t′ = −it, on the evolution operator, with a
view of coming closer to the desired exponent, −E/kT . This means, of course, among
other things, that:
(i) Time becomes complex, i.e., foreign to the physical reality.
(ii) The imaginary part of the universal Newtonian time, is put Im{t} = β = 1/kT .
It can hardly be physically related with a temperature (which is not as universal
as the Newtonian time is) and with the Boltzmann constant of gases ( In fact,
the temperature is not related to (Im{t})−1, but to 〈δ(τ)〉−1, where 〈δ(τ)〉 is the
average interaction time in the system of the particles under consideration, [58]).
And,
(iii) the Wick rotation, {t → t′ = −it|
√
1− (v/c)2 →
√
1 + (v/c)2}, implies, if c is
a reference-frame-independent universal constant, detrimental consequences for
special relativity, because it makes γ smaller than 1.
For general relativity a complex time variable leads to metrics not deriving from
gravitational fields [45].
Despite this fact, Hawking bases his discussion of the black holes on the transfor-
mation t→ iτ [63]. If the analytic continuation were valid in this particular case
from the point of view of physics, then the Minkowski space, and more gener-
ally the hyperbolicity would not be necessary for relativity. Relativity, however,
cannot be formulated in spaces with posotive definite metrics.
This fact rules out the Wick rotation as a means for deriving the statistical factor
exp[−E/kT ] in QFT.
There are also many other, more elaborated approaches [56], to the problem of bringing
together QFT and QSM in the same space-time.
In order to give our main application of the chrono-topology we need some definitions.
The chrono - topology (helps to eliminate some of the paradoxes and) is based on a very
simple and obvious observation that a time not associated with physical changes is nei-
ther needed nor definable. It leads to the question: How does change the Hamiltonian
for t ∈ τ?
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7.3 Time and observability
It is interesting to note an unexpected consequence of the chrono-topology: It concerns
the variation of the Hamiltonian and the Lagrangian densities for t ∈ τ . To clarify the
situation we give
Definition 7.1 An IPN, τλ, is an injective map of the λ-th change, ∆O
j
λ, of the j-th
observable, Oj, in IR1 caused by a fundamental interaction:
∆Ojλ → f(∆Ojλ) = τλ ∈ TΛ ⊂ IR1. (7.1)
Remark 7.1
The index ”j” in ∆Ojλ has been omitted in TΛ =
⋃Λ
λ=1 τλ, because the knowlegde is not
generally desired, from which interaction comes a particular observable change.
However, it is very important to observe that a physical change is not observable
inside an IPN, τλ. Because otherwise, a τ
′
λ ⊂ τλ would be definable, contrary to the
assumption that no τλ is divisible. This is necessary, since there is no experimental
evidence for the possibility to stop a started fundamental interaction.
Consequently, every change, ∆Oλ, of a physical observable covers the entire IPN, τλ,
which is the map of ∆Oλ and it can be observed at the end of its creation. This state
of affairs gives seemingly rise to a contradiction:
i) For t ∈ τλH(t), L(t) = Constant.
ii) For t 6∈ τλH(t), L(t) = Zero.
The way out from this dilemma is that τλ is open and τ¯λ is its closure. Then H(t) and
L(t) change for t ∈ τ¯λ \ Intτλ.
Remark 7.2
Measure of [τ¯λ \ Int τ ] = 0. (7.2)
This result is of importance to the integration of time-ordered products of non-com-
muting operators in QFT. Because of (7.1) the operators are time-independent in the
interval of integration, [58].
Remark 7.3
Remark 7.1 and Proposition 6.1 offer a possibility to understand, that quarks are
not directly observable due to their asymptotic freedom. Particles, in general, are
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observable only during or after interaction. They are not observable, if they do not
interact.
7.4 Randomness in QFT
Definition 7.2 A field L = L(φ(x, t), ∂φ(x, t)) ∈ IR1 is called a generalized random
field, if for L < ξ ∈ IR1 a probability P (ξ) is given such that the conditions are fulfilled:
1. P (ξ1) = P (ξ2), if ξ1 = ξ2,
2. limξ→−∞ P (ξ) = 0 and limξ→∞ P (ξ) = 1,
3. limξ→a−0 P (ξ) = P (a).
.
Remark 7.4
The limits (−∞,∞) in Definition 7.2 above must in our case be replaced by some finite
numbers (a, b), because the field, L, does not become infinite.
Definition 7.3 A generalized random field, L, is called infinitely divisible, if for every
Λ ∈ ZZ+the decomposition is possible [57]
L = L1 + L2 + . . .+ LΛκ, ∀κ ∈ ZZ+andx ∈ M¯4Λκ (7.3)
in which the {Lλ(φ(x, t), ∂φ(x, t))} are mutually independent, have identical probability
distributions, {P (ξλ)} and are different from zero only in their corresponding IPNs
τλ ∈ T4.
Remark 7.5
According to [58] the decomposition of the field Lagrangian density into an arbitrary
number of identical terms with identical probability measures at any point of the space-
time is mathematically perfect in the framework of the theory of the generalized and
infinitly divisible fields.
However, from the physical point of view such a decomposition would violate all con-
servation laws in the Minkowski or in the Euclidean space-time. That impossibility
disappears in the framework of our many-folded space-time M¯4κ for every κ ∈ ZZ
+,
since in every IPN the conservation laws hold separately.
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1) L = L1 + L2 in M¯4κ2 (7.4)
2) L = L1 + L2 + L3 in M¯4κ3 (7.5)
3) L = L1 + L2 + . . .+ LΛκ in M¯4κΛκ . (7.6)
. . .
(7.7)
Remark 7.6
The range of {Lλ} is determined by the domains both of x and t. The domain of x
does not depend only on the problem at hand but also on the velocity of the motion of
the observer with respect to the rest frame of the interacting particle, since the space
topology depends on the topology of the time. The domain of t depends on the nature
of the interaction.
Hence, in the defining condition (7.2) above of the generalized random field the limit
value ξ¯ of ξλ, for which the conditions
1)
Lλ(φ(x, t), ∂φ(x, t)] > ξλ for t ∈ τλ (7.8)
and
2)
lim
ξ→ξ¯
P (ξ) = 1
are fulfilled, is not infinite.
The chrono-topology induced by the injective maps in the Definition 3.1 of time consists
of IPNs that are structured as follows:
(i) For systems with few IPNs is time given by the union
TDisconnected =
⋃
λ
τλ, λ ∈ Λ. (7.9)
Λ is not very large and are disconnectedly and randomly embedded in the New-
tonian time, IR1. All observers live in T ⊂ IR1, but not the atomic, the nuclear
and the sub-nuclear particles; they ”live” in TDisconnected as defined in their rest
frame of reference.
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In order to observe them, a Lorentz transformation is required. The time-space
for atomic, nuclear and sub-nuclear particles is the chrono-topological space sat-
isfying the separation axioms of T4 described in the introduction.
(ii) For systems with Λ very large the system-time topology may change radically in
the rest frame of reference of the interacting particles.
The union
TΛ =
⋃
λ
τλ, λ ∈ Λ (7.10)
may become equal to the sum of some disconnected spaces TDisconnected and of some
partitions {PΛκ ∈ IR1} dense in disconnected subsets, T , of IR1. If the cardinality of
Λ approaches ℵ0, then TΛ may with high probability, but not certainly, be densely
embedded in PΛ ∈ IR1, and
Cardinality (TΛ)→ c.
7.5 A fundamental quantum proposition
After the above clarifications we shall prove the following Proposition 7.1
1. Let Tκ = TDisconnected be a set of IPNs due to the interaction Hamiltonian density
H(φ(x, t), ∂φ(x, t)) 6= 0 on the elements of a partition Pκ ⊂ Tκ of Tκ, and
H(φ(x, t), ∂φ(x, t)) ≡ 0 for t 6= Pκ (7.11)
2. Let the Lagrangian have the form
L(φ(x, t), ∂φ(x, t)) = π(x, t)∂0φ(x, t)−H(φ(x, t), ∂φ(x, t)) (7.12)
for τλ ∈ Pκ ⊂ Tκ and L(φ(x, t), ∂φ(x, t)) ≡ 0 for t 6∈ Pκ with
π(x, t) =
∂
∂∂φ(x, t)
L(φ(x, t), ∂0(x, t)).
3. Let ∂0φ(x, t)dt = [φ(x, t + dτλ) − φ(x, t)] := dφ(x, s) be the path variation for
some s ∈ Pκ and every x ∈ M¯4κ .
4. Let L(φ(x, t), ∂φ(x, t)) be a generalized, random and infinitely divisible field,
L = L1 + L2 + . . .+ Lκ. (7.13)
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5. Let the field action-integral, AΛ(Sκ), be quantized [48] by
AΛ(Sκ) =
∫
Sκ
L(φ(x, t), ∂φ(x, t))d4x = ±h¯Λ(j, σ), (7.14)
where
Λ(n, σ) = π
{
n+ 1/2, σ = 1
n, σ = 2
}
. (7.15)
with n = 0, 1, 2, . . . and Sκ ⊂ M¯4κ .
Then the time evolution operator of the system is
U(Tκ) = exp〈[(ih¯)−1
∫
Sκ
d4xH(φ(x, t), ∂φ(x, t)) ± iΛ(j, σ)] (7.16)
×[cos[Λ(j, σ)]∓ isin[Λ(j, σ)]]〉,
and brakes down into two parts:
(i) non measure preserving (nmp),
Unmp(Tκ) = exp[(−1)
n
h¯
∫
H(s)ds+ Λ(n, 1)], (7.17)
or
(ii) unitary (u).
Uu(Tκ) = exp[+(ih¯)−1
∫
H(s)ds± iΛ(n, 2)], s ∈ Pκ (7.18)
Remark 7.7
The proof of the Fundamental Proposition 7.1 will be given on the basis of the solution
of the equation governing our time evolution of the state vector Ψ [58] in the time
space Tκ, a disconnected subset of IR1.
ih¯
∂Ψ
∂t
= H(t)Ψ(t), t ∈ Tκ. (7.19)
The difference between the time evolution equation (7.19) in chrono-topology and in
the conventional [53] evolution in time proceeding in the topology of the Newtonian
time, IR1, is that our topology implies (in Penrose’s notation) the process U + R.
The Newtonian time topology cannot physically accommodate infinitely divisible fields,
because it induces the violation of the conservation laws as a consequence of the infinite
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divisibility of the Lagrangian and the Hamiltonian densities of the field. Hence, the
Newtonian time topology leads only to U evolution according to
ih¯
∂Ψ
∂t
= H(t)Ψ(t), t ∈ IR1. (7.20)
Proof of the fundamental proposition 7.1
We start the proof by giving the solution of (7.19)
U(Tκ) = {exp[−ih¯−1
∫
H(φ(x′), ∂φ(x′))dx′4]}, x′ ∈ M¯4κ (7.21)
= {exp[−ih¯−1
∫
H(s)ds]}, s ∈ Pκ (7.22)
We:
1) Combine the above integral with premise 2.
2) Write the exponential of the sum of the terms as a product of exponentials of the
terms of the sum and
3) Develop the factor exp[−ih¯−1 ∫ dx4∂0φ(x)π(x)] in a power series.
U(Tκ) =

1 +
∞∑
Λκ=1
(ih¯)−Λκ
Λκ!
Λ∏
λκ=1
∫
M¯41
L(φ(x′λκ), ∂φ(x′λκ))dx′λκ

 (7.23)
× exp[(−ih¯)−1
∫
x′∈M¯41
L(φ(x′), ∂φ(x′))d4x′]
Next, we use premise 3. in the form ∂0φ(x
′)d4x′ = dφ(q, t′)d3q, insert it into (7.23)
together with premise 4. and put Λκ = n in the n-th term of the partition PΛκ=n∀n ∈
ZZ+.
The λκ-th integration in (7.23) is carried out on the λκ-th sector of the λκ-folded-in-time
of the space-time super surface. The result is:
U(TΛκ) =

1 +
∞∑
λκ=1
(ih¯)−λκ
λκ!
κ∏
η=1
〈
∫
Q3
d3q′
∫ φ(qδ(τη))
φ(q,0)
dφ(q′, s′η)π(q
′, s′η) (7.24)
× exp[(−ih¯)−1
∫
M¯4κ
L(φ(x′λκ), ∂φ(x′λκ))d4x′λκ ]〉
}
, s′η ∈ τη.
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According to the (7.3) of the infinitely divisible fields {Lλκ} have all λκ-independent
probability distributions. Using this property and omitting, therefore, the index κ, in
λκ under the product sign in (7.24) we can sum-up the series.
Using again the relation
π(x, t)∂0φ(x, t) = L(φ(x, t), ∂φ(x, t)) +H(φ(x, t), ∂φ(x, t)) (7.25)
the result after sumation is
U(TΛκ) = exp[(ih¯)−1
∫
Q3
d3q′d3q
∫ (q,δ(τ))
φ(q,0)
dφ(q′, s′η)π(q
′, s′η)]
× exp[(−ih¯)−1
∫
M¯4κ
L(φ(x′′), ∂φ(x′′))d4x′′)] (7.26)
= exp〈(ih¯)−1
∫
M¯4κ
d4x′′[L(φ(x, t), ∂φ(x, t)) +H(φ(x, t), ∂φ(x, t))]
× exp[(−ih¯)−1
∫
M¯4κ
L(φ(x′), ∂φ(x′))d4x′〉 (7.27)
= exp〈(ih¯)−1
∫
M¯4κ
[L(φ(x, t), ∂φ(x, t)) +H(φ(x), ∂φ(x))d4x]
×{cos[h¯−1
∫
M¯4κ
L(φ(x′), ∂φ(x′))d4x′]
−i sin[h¯−1
∫
M¯4κ
L(φ(x′), ∂φ(x′))d4x′)]}〉 (7.28)
Or, after separation of the real from the imaginary part in the exponent, we get the
fundamental formula for the time evolution operator which is a realization of both
quantum dynamical processes U and R.
U(TΛκ) = exp〈{(ih¯)−1
∫
M¯4κ
d4x[L(φ(x, t), ∂φ(x, t)) +H(φ(x, t), ∂φ(x, t))]
× cos[h¯−1
∫
M¯4κ
L(φ(x′), ∂φ(x′))d4x′]
+ {(−h¯)−1
∫
M¯4κ
d4x[L(φ(x, t), ∂φ(x, t)) +H(φ(x, t), ∂φ(x, t))]
×{∓ sin[h¯−1
∫
M¯4κ
L(φ(x′), ∂φ(x′))d4x′]}}〉. (7.29)
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7.6 Unitary U and Reduction R operators
Next, we apply the quantization condition (7.14) on the action integral in the ”cos”
and ”sin” expressions of (7.29). The result is
U(TΛκ) = exp〈(ih¯)−1
∫
M¯4κ
d4x[H(φ(x, t), ∂φ(x, t))± iΛ(j, σ)]
×{cos[Λ(j, σ)]∓ i sin[Λ(j, σ)]}〉. (7.30)
Remembering (7.14) we see that (7.30) can be written as the product of two exponential
factors [15], [63]:
a) The U factor represents the unitary part of the evolution, Uu(Tκ)
b) The R factor representing the incoherent evolution, Unmp(Tκ)
This completes the proof of the Fundamental Proposition 7.1.
Remark 7.8
This is the result contemplated by Prigogine and Penrose in their publications. The
most interesting feature of (7.30) is that it exhibits simultaneously U +R properties,
just like those postulated by Penrose and required for the implementation of the wave
function reduction.
Remark 7.9
A new feature of the evolution operator (7.30) is the spontaneous Λ(n, σ) renormal-
ization of the action integral in the exponent by means of the term Λ(n, σ), see also
(7.34) and (7.35) below.
7.7 Random fields and functional integral approach
Remark 7.10
Each integral in the series (7.24) is finite, because φ is a solution of the Euler-Lagrange
differential equation satisfying the appropriate boundary conditions. The series con-
verges, because each term is the power of a definite integral. The proof follows by
majorization.
Remark 7.11
The continuous parameter s′k characterizes the integration path dφ(q, s) in which are
the space [φ(t), φ(t + τ)] for the initial and the final values of φ(t) for s′k = t, and for
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s′k = δ(τ) respectively, while φ coincides at these values of s with the lower and the
upper limits of the φ-path integration.
Corollary 7.1
The contribution Uλκ(Tκ), to the evolution operator of the path integral in the expan-
sion (7.24) vanishes in the limit λκ →∞.
Proof
The λκ-th term in equation (7.24) is
Uκ(Tκ) = (ih¯)
−λκ
λκ!
λκ∏
η=1
∫
Q3
d3q
∫ φ(q,δ(τη))
φ(q,0)
dφ(q, sη)π(q, sη)
× exp[(−ih¯)−1
∫
M¯4κ
L(φ(φ(x′), ∂φ(x′))d4x′] (7.31)
The integral over dφ sums values along all paths and the integral over dq3 sums the
function φ(q, s)-values along every selected individual paths between the two fixed limit
function values φ(q, 0) and φ(q, δ(τ)) .
The measures in the integrals of the product are well-defined and they exist on the
compact supports:
i) [φ(0), φ(δ(τλκ))], and
ii) Q3 ⊂ R3.
Since the factors {fη} of the product
λκ∏
η=1
∫
Q3
d3q
∫ φ(q,δ(τη))
φ(q,0)
dφ(q, sη)π(q, sη)
are independent of η, we have
∏λκ
η=1 f
η = fλκ, and since the factor (λκ!)
−1 decreases
faster than the power, fλκ , for λκ → ∞, there holds true: limλκ→∞ fλκ/λκ! = 0, and
the functional integral does not contribute to the evolution operator. This completes
the proof of Corollary 7.1.
Remark 7.12
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Table 7.1: Comparison of the Feynman path integral properties with those of the
present theory and some statistical and quantum properties.
Feynman Present work
Spatial measure: Dq =
∏∞
k=1 dqk ⇔
∏∞
k=1 d
3qk
Functional measure: Dp =
∏∞
k=1 dpk ⇔
∏∞
k=1 π(φ(qk, s), ∂φ(qk, s))dφ(qk, s)
Normalization: ? ⇔ 1/k!
Uncertainty Principle: no yes
Gibbs ensemble: no yes
The ”phase” factor in (7.31) is identical to the one in the Feynman path integral.
Differences appear in the functions to be integrated over d3q and over dφ(q, s). The
following correspondances with the Feynman path integral are intringuing:
Remark 7.13
In the limit, limλκ→∞, the integrals become functional integrals with the measures
Dq ⇒
∞∏
λκ=1
dqλκ, qλκ ∈ Q
3 ⊂ R3 (7.32)
and
Dp ⇒
∞∏
η
π(φ(q, sη), ∂φ(qη, s))dφ(q, sη) (7.33)
for φ(q, sη), π(φ(q, s), sη), ∂φ(q, sη) ∈ L
2.
7.8 Functional approach and uncertainty principle
In any way the contributions of these integrals, similar to the Feynman path integrals,
are zero because of the normalization factor, λκ! in the limit λκ →∞ (Corollary 7.1).
The functional integral features in (7.23) appear similar or in a slightly more general
form, and the theory yields in case λκ = n, ∀n ∈ ZZ+ the exponential form of the
Hamiltonian well-known from QFT. The similarities and the differences between the
present theory and the Feynman path integral are shown in 7.8.
In the case j = (2n + 1)/2 in (7.30) the exponential becomes real and has a form
reducible to the form known from QSM.
We, thus, have two evolution operators: One preserving the norm and one changing it.
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The canonical momentum, π(q, s), enters as a weight factor - not as differential un-
der integration. This makes the integration measures compatible with Heisenberg’s
Uncertainty Principle in case of quantization of the field action.
7.9 Statistical ensembles and temperature in QFT
The measure preserving evolution is implemented through
Uu(δ(τ), 0) = exp[(ih¯)−1
∫
M¯4κ
d4xH(φ(x), ∂φ(x))∓ iπn], n = 0, 1, 2, . . . . (7.34)
If the evolution does not preserve the norm of the state vector, then it is given by
Unmp(δ(τ), 0) = exp[〈(−1)
n
h¯
∫
Sλ
H(φ(x), ∂φ(x))∓ π(n + 1/2)〉], (7.35)
n = 0, 1, 2, 3, . . . . (7.36)
If the state vector, Ψ, is expanded in a series of eigenstates of the Hamiltonian, and
Uu(δ(τ), 0) or Unmp(δ(τ), 0) acts on Ψ, then (7.34) and (7.35) become respectively:
exp[−i
Λ∑
λ=1
Eλ · δ(τλ)/h¯∓ iπn], (7.37)
and
exp[(−1)n
Λ∑
λ=1
Eλ · δ(τλ)/h¯∓ π(n+ 1/2)]. (7.38)
Corollary 7.2
The temperature of a system of particles interacting via a fundamental interaction is
inversely proportional to the average diameter of the interaction proper-time neigh-
bourhoods 〈δ(τ)〉κ defined by
〈δ(τ)〉κ = Λ−1κ
Λ∑
λ=1
δ(τλκ) (7.39)
Proof
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We divide and multiply the sum in the exponent of
exp[(−1)n
Λκ∑
λκ=1
Eλ · δ(τλκ)/h¯+ π(n+ 1/2)]
by
∑Λκ
λκ=1 δ(τλκ) and we write for the time averaged energy per particle the expression
〈δ(τλκ)〉κ · 〈E〉κ · Λκ =
(∑Λκ
λκ=1Eλκ · δ(τλκ)∑Λκ
λκ=1 δ(τλκ)/Λκ
)
·
Λκ∑
λκ=1
δ(τλκ)/Λκ.
The factors (7.37, 7.38) entering the state vector after the action of Unmp(δ(τ), 0) are
essentially the Boltzmann statistical factors [48], if the system temperature is defined
by
Tκ =
h¯
〈δ(τ)〉κkB , (7.40)
where kB is the Boltzmann constant.
The average frequency of the collisions, fcoll, is given by
fcoll = 〈δ(τ)〉−1κ (7.41)
and it allows to give a definition of the temperature in the framework of quantum field
theory.
This completes the proof of Corollary 7.2.
Remark 7.13
The main features of the present temperature definition are:
i) Relativity is respected by avoiding the Wick rotation.
ii) The canonical ensemble follows from the QFT.
iii) The temperature is related to the collision frequency [58] in the framework of
QFT.
Remark 7.14
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It is remarkable that the averaging of the energy is by the structure of the theory over
the time these energies are possessed by the particles, but not over the number of the
particles. This is quite natural, because, if an energy value is possessed during zero
time by a particle, it contributes zero to the average energy of the system.
7.10 Einstein – Bohr. Both were right
Some authors believe that Bohr was right and Einstein wrong or vice versa ( e.g. [11],
[63] ) in their disput about the statistical character of quantum mechanics.
It has been proved in the framework of chrono-topology, that both were right. The
reason for this fact was, that Einstein’s statement, according to which God does not
play dice, regarded the quantum equations of motion (Schroedinger, Dirac, etc.) per
se , i.e., inside a single IPN, and in this case God does not play dice inside τ . Indeed,
the quantum equations are per construction not statistical. However, the description
of the quantum phenomena cannot be done fot t ∈ τ . The ewason is that observation
is conventionally done in Tκ. But for t ∈ Tκ the interpretation of the solutions of the
quantum equations becomes necessarily statistical [48].
Bohr’s statement, on the other hand, regarded quantum physics results as a whole,
because quantum physic’s arena is not τ itself. The physical ”playground” is rather
Tκ = ⋃ τλ, and the space-time, M¯4κλkappa, resulting from it according to Einstein’s
relativity.
Moreover since {δ(τλ)} are within limits random numbers, an averaging process takes
place to give any measured value. This is the way in which the statistical character
of quantum mechanics emerges. So much, as far as time is concerned. Regarding
the space coordinates, a similar explanation is true: Since in every interaction the
impact parameter is a random length, a random component is introduced in each space
coordinate. This, again, makes necessary an averaging process on the deterministic
solution of the wave equation.
It becomes, thus, clear [48] that both Bohr and Einstein were right in their respective
statements. Their difference was in their premises, which can be discerned only in the
framework of chrono-topology.
8 Solving the measument problem - The reduction
of the state vector
In what consists the reduction of the wave function? According to Einstein ’Gott
wuerfelt nicht’. We, of course, are allowed to ’wuerfeln’ and we shall do it for a while.
However, before doing that we shall pay tribute of due honor to all great scientists,
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who came infinitesimally close, in their publications, to our solution of the problem
of the present section. They made observations and remarks extremely approximating
the solution we provide in this work and they showed to us the way for obtaining the
solutions of several puzzles in quantum theory. Of all those scientists we shall make
particular reference to two whose contributions seems of the greatest importance from
our point of view:
The great forerunners of this work are Ilya Prigogine and Roger Penrose.
8.1 The irreversibility question
Prigogine made the following remarkably lucid statements in his by now famous book
“From being to becoming” [10] : ’It is difficult to believe that the observed irreversible
processes such as viscosity, decay of unstable particles and so forth, are simply illusions
caused by lack of knowledge or by incomplete observation ... . Therefore, irreversibility
must have some basic connection with the dynamical nature of the system’.
Sofar we fully agree with Prigogine’s philosophy. The continuation of his syllogism
goes as follows: ’... because for simple types of dynamical systems the predictions of
classical and quantum mechanics have been remarkably well verified’.
Despite the remarkable verification of quantum mechanics our remarks are two:
i) The time structure is ill understood in general dynamics.The reason is that al-
ways the interaction time, τλ, has been identified in quantum dynamics with the
Newtonian time having the topology of IR1 . We abandon the topology of IR1
and introduce instead the notion of chrono-topology consisting of unions of IPNs.
ii) The predictions are in fact remarkably well verified, except for the description of
the measurement process and the irreversibility.
Continuing, Prigogine concludes-and this was of great help to us: ’ The problems of
unity of science and of time are so intimately connected that we cannot treat the one
without the other’.
8.2 The reduction question
Let us now see Penrose’s most clear guidance in the matter of our problem [15]: ’The
quantum measurement problem is to understand, how the procedure R can arise-or ef-
fectively arise - as a property of a large-scale behavior in U-evolving quantum systems.
The problem is not solved merely by indicating a possible way in which an R-like be-
havior might conceivably be accommodated. One must have a theory providing some
understanding of the circumstances under which (the illusion ?) R comes about’.
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This is exactely the way we followed in constructing our theory which simultaneously
describes the U-and the R-processes in quantum field theory with exactly the same
accuracy. Here is, however, an additional aspect: In our approach R comes about not
only for large-scale systems, but also for single quantum particles, thus enabling us to
solve the Schroedinger cat’s puzzle too.
The first and basic idea came to us from [1] and a first derivation has been given in
[48, 58]. In Sec. 7 of the present paper the full derivation is given. Penrose continues:
’It appears that people often think of the precision of quantum theory as lying in its
dynamical equations, namely U. But R itself is also very precise in its prediction of
probabilities, and unless it can be understood, how it comes about, one does not have a
satisfactory theory’.
In the second statement by Penrose it seems to us that the freedom is contained that
R be or not be a consequence of the same dynamics. We show that our theory gives
both U and R with exactly the same precision and we demonstrate that U and R
come about by means of quantizing the field action-integral.
8.3 Experience and expectation
After the above due clarifications we are ready to ’play dice’ and answer the questions
entailed by the problem posed at the beginning of this section: In studying the game,
we may do a small calculation and figure out what we have to expect after throwing a
dice.
The probability is 1/6 for getting any number from 1 to 6:
Calculated final state of the dice =
F = 1/6× (get 1) + 1/6× (get 2) + · · ·+ 1/6× (get 6). (8.1)
This is, of course, the result of a calculation of what is foreseen. There is no relationship
whatsoever - causal or acausal - with the future decision for doing or not doing the
experiment. It is an empirical statistical fact independent of whether we play or not
play dice in future. The result of the calculation (8.1) will not change after throwing
the dice. The equation remains unaffected, if the dice shows, e.g., 5 or anything else.
After having played dice we know the fact, e.g., and we may represent it by,
Exp(erimental)Res(ults) = Fexp. = 1× (got 5), and 0× (got all others), (8.2)
but our equation (8.1) remains, of course, unaltered. ’Calculation’ and ’fact’ are related
only in our brains. F in (8.1 is a theory-devised construct for predictions based on
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empirical data, representing the possibilities for many different (in this case 6) outcomes
of dicing. Equation (8.2) is of a different character. It is constructed to represent a
posteriori one single fact: The outcome of one single experiment and there can be no
question about any reduction.
Next, we may make more perfect our theory of playing dice and we construct an
operator, D, describing our dice playing. We want it to describe the dice-throwing.
This will be done by appllying D on F . The result of this application will, if our
theory is a good one, be equal to Fexp . It will induce the reduction on the paper, not
in Nature.
If F and D represent exactly the system and our action on it respectively, then
DF = 1× (got 5), and 0× ( got all others) = Fexp, (8.3)
D describes exactly our way of taking and throwing (the dynamics) the dice in the
particular experiment above. It has nothing to do with a statistical theory (Einstein).
Let us see a little more precisely what this means in the particular experiment: It
means:
i) A definite motion of the hand of the particular experimentalist, implemented
through a definite preparation and function of his hand-muscle system.
ii) A definite motion of his arm, implemented through a definite preparation and
function of the arm-muscle system.
iii) A definite electrical conductance or polarization and function of the neural synapses
system etc. leading from the brain to the fingers of his hand.
iv) A certain preparation and function of his brain, conscious to a certain degree of
the programme to be carried out. This degree of consciousness may differ from
one experimentalist to an other, and to an experimentalist in different experi-
ments.
v) A certain interaction between his ’will’ and his brain in order that the latter
prepares itself and acts.
These five steps of preparation are subject to large uncertainties, both macroscopic
and quantum mechanical.The magnitudes of the uncertainties increase with increasing
index in the above enumeration scheme from i) to v).
Moreover, what is virtually fully undefined is the description in physical terms of the
interaction between the ’will’ and the brain. Hence, the construction of the operator D
for experiments of the above type is not an easy task for today’s Science and Technology.
The difficulty is localized in the lack of knowledge in the quantum description of the
59
individual human functions. However, in most physics experiments participation of
human bodys functions at the realization of experiment’s crucial parts is to a well-
defined degree excluded. Also, the human brain is involved only in the preparation of
the experiment, in the analysis and in the interpretation of the ExpRes. Hence, the
construction of the operator D in quantum mechanical experiments is in general easier
and feasible.
Similar is the situation in quantum theory. Long experience and deep insight by Euler
and Lagrange and by many others have shown two series of facts:
i) If we construct a certain function, L, appropriate to the problem at hand and
we apply a variational principle, we derive an equation (Schroedinger) containing
some operators {D} which corresponds to our problem.
ii) The actions of {D} on a certain function F = f(Ψ) (Ψ is a wave function)
describe satisfactorily the ExpRes, and the construction of our function, L, is
correct.
Hence, if our theory is correct, then we must have:
Df(Ψ) = ExpRes.
Some authors believe that the construction of D is impossible in the framework of the
theory of Schroedinger’s equation in such a way that the above equation is not true in
the sense of (8.3) and R must come from extraneous agents. We shall try to examine
the actual situation in the framework of our present chrono-topology. We shall try first
to clarify the situation through the following definitions.
8.4 Nature is not divisible in classical and quantal
Definition 8.1 Every experiment in systems ranging from atomic to sub-nuclear is
divided into two parts:
i) The experiment proper which involves one fundamental physical interaction,
relies on the laws of quantum physics and characterizes D (D-process).
ii) The process of making a quantum interaction visible may rely either on quantum
laws or on laws of classical physics or on both and is not characteristic of D (non-
D-process).
iii) There are many ways, X ∈ {Wi, Pi | i = 1, 2, . . .}, for implementing an ExpRes
appropriate either to wave properties, Wi, or to particle properties, Pi. but not
simultaneously to both .
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iv) Part ii) can be implemented in any one of the possible ways, X ∈ {Wi, Pi | i =
1, 2, . . .}, and, hence, X is not an uniquely chacteristic part of the experiment
proper.
v) The elements of the set {ExpRes(X)}, ∀X ∈ {Wi, Pi | i = 1, 2, . . .}, are equiva-
lent:
ExpRes(X)⇔ ExpRes(Y ), ∀(X, Y ) ∈ {Wi, Pi | i = 1, 2, . . .}. (8.4)
Remark 8.1
According to Definition 8.1 an experiment in quantum physics consists of a fundamental
interaction between two given quantum entities, on the one hand a structured or an
elementary particle, and on the other hand, a measuring apparatus, whose specifically
active part may be another structured, elementary particle or field.
Remark 8.2
The process of making the ExpRes macroscopically visible is a separate step, exterior
to the quantum measurement.
Remark 8.3
The view that in every quantum physics experiment we have the interaction of a
quantum system with a classical apparatus (black box approach) does not corre-
spond to the facts according to the present work. Because the method used for the
indication of the result of a fundamental interaction is not essential to the interaction
itself. As a rule, the ExpRes is obtained by means of: photomultipliers, scintillators,
Wilson chambers, Geiger-Mueller detectors, recoil detectors, spark detectors and other
well-known elementary particle detectors.
The way to magnify a quantum interaction does not play an essential part in the
interpretation per se and to the construction of the operator D, as (8.4) makes clear.
Having the above clarifications in mind we can see that in constructing our operator,
D, implementing the measuring process in a quantum experiment, we do not need any
input extraneous to the interacting quantum system. One thing, which, however, is not
extraneous to the quantum interacting system, is the preparation of the experiment.
We must, further, specify, what we understand under ’preparation of the experiment’.
Definition 8.2 The preparation of a quantum experiment consists of two processes:
i) The preparation of the states of the elementary or structured particle systems
determined to interact with one another and subsequently to interact with the
active part of the measuring apparatus.
ii) Preparation of the active part of the measuring apparatus and of its state to
measure either a particle property, Pi ,or a wave property, Wi.
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Definition 8.3 i) A quantum measurement is the experimental determination of
one or more quantum transitions in the prepared system. The transition may
consist in the change(s) of some observable(s)during a fundamental interaction
in the prepared quantum system and the active part proper of the measuring ap-
paratus.
ii) The preparation of an experiment influences the system to be measured in such
away that it increases the probabilities for one or a few of the possible outcomes,
constituting the ExpRes to be determined relative to all other possible outcomes.
Remark 8.4
Accordingly, we understand that the critical part of a quantum experiment is an inter-
action between two particles, or between a particle and a field, or between two fields
causing the evolution of the system whose an observable is to be determined within
its corresponding IPN either in the interacting system rest frame of reference or in
observer’s system of reference .
8.5 Schroedinger’s equation produces R
Proposition 8.1
The reduction of the state vector describing a quantum measurement is effected by the
evolution operator D(τ) with the interaction Hamiltonian, H(t), appropriate to the
preparation of the experiment for t ∈ τ . D(δ(τ)) reduces the probability amplitudes
{Cn(0)} of all components of the initial state vector
Ψ(x) =
∑
n
Cn(0)un(x)
representing the system under measurement, except the ones {Cα(0) | α = 1, 2, . . . , K <
∞} corresponding to the observables {Oα | α = 1, 2, . . . , K <∞} to be obtained in the
ExpRes.
Proof
The operator D(δ(τ)) can be taken equal either to evolution operator Unmp(δ(τ)) or to
Uu(δ(τ)) depending on the case. In the present case we identify D(δ(τ)) = Unmp(δ(τ)).
Unmp(δ(τ)) = exp〈(ih¯)−1
∫
M4κ
d4xH(ϕ(x, t), ∂ϕ(x, t)± iΛ(j, σ))
×(cos(Λ(j, σ))± i sin(Λ(j, σ)))〉) (8.5)
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before quantization.
The expression for the preparation of the experiment preparation comes about through
the selection of the appropriate quantum numbers in Λ(j(n), σ) following the quantiza-
tion of the field action-integral (8.5). The kind of quantization to be applied becomes
clear from the expectation to have a non-measure-preserving evolution or a unitary
evolution, i.e., we expect to measure substantial changes in the relative probability
measures of the components characterizing the system before and after the measure-
ment with respect to the remaining components.
Carrying out the multiplication of the quantities in the brakets of the exponent in (8.5)
we see that the above requirement is fulfilled according to (7.14), if one puts
Λ(n, σ) = π(n+ 1/2), σ = 1. (8.6)
From (8.6) it follows after application of (8.5) on the state vector that
Unmp(δ(τ))Ψ(x)
= exp〈
[
(−1)n
h¯
∫
M4
λ
d4xH(ϕ(x, t), ∂ϕ(x, t) ∓ Λ(j(n), σ))
]
〉Ψ(x)
=
∞∑
n=1
exp〈
[
(−1)n
h¯
∫
M4
λ
d4xH(ϕ(x, t), ∂ϕ(x, t))∓ Λ(j(n), σ)
]
〉Cn(0)un(x)
=
m∑
n=1
exp〈
[
(−h¯)−1
∫
M4
λ
d4xH(ϕ(x, t), ∂ϕ(x, t))− (j(n) + 1/2)
]
〉Cn(0)un(x)
+
m+K∑
α=1+m
exp〈
[
(+h¯)−1
∫
M4
λ
d4xH(ϕ(x, t), ∂ϕ(x, t)) + (α(n) + 1/2)
]
〉Cα(0)uα(x)
+
∞∑
n=1+m+K
exp〈
[
(−h¯)−1
∫
M4
λ
d4xH(ϕ(x, t), ∂ϕ(x, t)) − (j(n) + 1/2)
]
〉Cn(0)un(x).
By appropriately choosing the respective action-integral values, i.e., {j(n)} in each
class of states in the sum, we obtain that only the intermediate sum survives. The
corresponding exponents are the sums of two positive numbers. The first and the third
sums above become as small as we please by taking the differnces in the respective
exponents sufficiently small in comparison with the smallest term in the sum, as implies
the preparation of the experiment α ∈ [1 +m,n+K].
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Unmp(δ(τ))Ψ(x) ≈
K∑
α=1+m
exp
[
(+h¯)−1
∫
M4
λ
d4xH(ϕ(x, t), ∂ϕ(x, t) + (α(n) + 1/2))
]
×Cα(0)uα(x) (8.7)
If the set of the orthonormal functions {un(x)} are eigefunctions of the energy operator,
then (8.7) can be simplified in the form
Unmp(δ(τ))Ψ(x) =
K∑
α=1+m
exp
(
h¯−1Eαδ(τ) + (α(n) + 1/2))
)
Cα(0)uα(x)
=
K∑
α=1+m
Cα(δ(τ))uα(x),
where
Cα(δ(τ)) = exp
(
h¯−1Eαδ(τ) + (α(n) + 1/2))
)
Cα(0).
Obviously, the probability coefficients for the surviving states are much larger than the
rest of them
| Cα(δ(τ)) |2≫| Cn(δ(τ)) |2 ∀α ∈ [1, K], ∀n ∈ ZZ+ \ [1, K]. (8.8)
and the proof Proposition 8.1 is complete.
Remark 8.5
This is the expected result corresponding to the preparation of the experiment and
implying the reduction, R, of the wave function after the experiment. It is seen that
R is an integral part of quantum dynamics and it does not need the presence of any
extraneous agents. The numbers α(n), j(n) and K depend on the preparation and the
kind of interaction in the experiment. {α(n) may be large, {j(n)} are correspondingly
of the orders of {En}. K is in most experiments equal to 1.
Remark 8.6
The novum in the above proof is:
i) It is seen that R does not imply necessarily reduction to one single sate, but to
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any finite number, K, of final states.
ii) The reduced states are not fully extinguished! They simply become of very small
relative probability.
iii) The result ii) stresses the statistical appearence of quantum theory which is traced
back to the chrono-topology.
9 Schroedinger’s cat is only alive before he dies and
only dead after he lived
9.1 Cats in physics
There is a considerable literature about cats in physics. To us are known at least two
famous cats: The first was Lewis Carroll’s cat in the Wonderland of Alice’s Adventures.
The other one, equally important for quantum theory, is Schroedinger’s cat.
Are they really so important for physics? We do not know for sure. In any way, they
have been both important for some people for some time.
The importance of Alice’s cat consisted in that he was able to leave his charmed smile
in the air as his signature - alike the quarks in the QCD of the jets.
Schroedinger’s cat did not smile. Some important people wanted him for some decades
dead and alive at the same time. We will examine here, if his sentence was just, and,
if not, we shall try to revise it.
Let us see what this means for quantum theory and let us briefly recall the story: There
is a hermitically closed room and a glass bottle of an extremely strong poison in it. A
hammer hangs above the bottle and can be activated for its purpose by means of the
decay of one nucleus from a quantity of a radioactive isotope put in the mechanism
[50].
The life of the cat has exactly the same chances with the life of the (first) nucleus
to decay, and the state vector of the nucleus consists of two components. The one
component stands for an unstable nucleus (before decay) and corresponds to alive cat.
The other component of the state vector represents a stable nucleus (after decay) and
is a proof for the dead cat.
The linear superposition of the components is meant to represent a natural state of
affairs as far as the nucleus is concerned. But it is considered as a paradoxical business
in cat’s case.
Nevertheless, it is considered as thoroughly plausible that, in principle, the same state
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vector represents both the state of the nucleus and cat’s state. It is thereby clear that
the nucleus may consist of a few (for the Tritium 4) particles, whilest the cat is made
of some 1025 particles.
Besides, it has not been possible to demonstrate until today, that the state vector of
about 1025 particles does not acquire additional (collective) unknown properties beyond
those of the state vector of the Tritium. These properties might profoudly change the
character of the wave function by shifting the values of its importance parameters.
9.2 The action quantization saves the cat
Questions like the above will be left aside and we shall apply the theory developed
in the previous sections to demostrate that the cat can be only alive before he dies,
because of the poison in the bottle and he can be only dead after he definitely has
finished his life for any reason whatsoever.
We do that by means a two-component state vector. The component number n = 1
represents the unstable nucleus before radioactive decay. The component number n = 2
represents the nucleus after the emission of a quantum.
Further assumptions, e.g., about the wave function of the cat will not be done. Also no
assumptions are necessary about the wave functions of the hammer, of the bottle, of
the poison and the mechanical parts of a device interacting with our quantum system,
because they are not a part of the quantum system whose solution is sought.
The quantum mechanically crucial phase of the experiment beyond the radioactive
decay of one of the unstable nuclei is not the engineering mechanism, but rather the
interaction of the radiation quantum with one or more nuclei of the detector which will
produce the electric pulse, required for the macroscopic activation of the mechanism.
We trust that, if one nucleus decays, the hammer will move, and the rest will be in
accordance with the engineering design. Our decision about the ”sentence” of the cat
will result from the proof of the following
Proposition 9.1
Let
Ψ(x, 0) =
2∑
n=1
Cn(0)un(x, 0) (9.1)
be the two-state vector at time t = 0 of a nucleus with two possible bound states of its
Hamiltonian, H(t), with binding energies E1, E2 < 0 :
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a) State n = 1 represents the initial unstable nucleus before the radioactive decay
(t = 0) and is associated with a very large probability with respect to the state
n = 2.
b) State n = 2 represents the stable nucleus after the radioactive decay (t = δ(τ))
and is associated with a very large probability with respect to the state n = 1.
|C1(t = 0)| >> |C2(t = 0)| . (9.2)
Then, the transition from state n = 1 to state n = 2 is effected by means of the non-
measure preserving time evolution operator with ” ±” in the front of the integral in the
exponent:
Unmp(δ(τ)) = exp〈[±h¯−1
∫
M¯4
λ
d4xH(φ(x, t), ∂φ(x, t)) + Λ(j, σ)]〉, σ = 1 (9.3)
with the interaction Hamiltonian
H =
∫
M¯4
λ
d4xH(φ(x, t), ∂φ(x, t)) (9.4)
within the IPN, τλ. The probability for the state n = 1 at t = δ(τ), i.e., at the end of
the nuclear emission process is very small, while that for the state n = 2 is very large
after the transition:
|C2(t = δ(τ))| >> |C1(t = δ(τ))| . (9.5)
Remark 9.1
Relations (9.2) express the fact that the cat is alive with very high, virtually 1, proba-
bility and dead with very small, virtually zero, probability. Relations (9.5) express the
converse case, namely that the cat is dead with very high, virtually 1, probability and
alive with very small, virtually zero, probability. The seeming small uncertainty about
”alive” and about ”dead” does not need to confuse us, because this is the natural state
of affaires in quantum mechanics.
For example, according to statistical mechanics, and, also, to the Poincare recurrence
theorem, there exists a vanishingly small probability that the set of atoms, of which
consisted Einstein short before his death, recombine to give the living Einstein. This
probability is virtually zero.
Proof
The interaction (9.4) (fixed by its structure) inducing the transition of the unstable
67
nucleus from the state characterized by (9.2) to the state characterized by (9.5) con-
stitutes the ”preparation” of the experiment according to Definitions 8.1 and 8.3 and
gives the appropriate value to the field action integral, +Λ(j, 1). The sign ”+” with
large Λ(j, 1) corresponds to the ”present” state of the system, because it gives to the
action integral the maximum value and maximum probability to the state. The sign
”−” determines the state which is the ”absent” state, because its action, −Λ(j, 1),
gives a very small, virtually zero, probability.
If we act with the operator 9.3 on the state vector 9.1 we get
2∑
n=1
exp〈[ (−1)n
h¯
∫
M¯4
λ
d4xH(φ(x, t), ∂φ(x, t)) ∓ Λ(j(n), σ)]〉Cn(0)un(x, 0)
= exp〈 (−1)n
h¯
∫
M¯4
λ
H(φ(x, t), ∂φ(x, t))− Λ(j(1), σ)]〉C1(0)u1(x, 0)
+ exp〈+h¯−1 ∫M¯4
λ
H(φ(x, t), ∂φ(x, t)) + Λ(j(2), σ)]〉C2(0)u2(x, 0) (9.6)
= exp〉[−h¯−1|E1|δ(τ)− Λ(j(1), σ)]〉C1(0)u1(x, δ(τ)) (a)
+ exp〉[+h¯−1|E2|δ(τ) + Λ(j(2), σ)]〉C2(0)u2(x, δ(τ)) (b)
= C1δ(τ)u1(x, δ(τ)) + C2δ(τ)u2(x, δ(τ)) (c)
≈ C2δ(τ)u2(x, δ(τ)) (d) (9.7)
From 9.7 we conclude by taking appropriate values for j(1) and j(2) that
|C2δ(τ)u2(x, δ(τ))|2 = |C2(0)u2(x, 0))|2 exp[+2/h¯|E2|δ(τ) + 2j(2) + 1]
≫ |C1(0)u1(x, 0))|2 exp[−2/h¯|E1|δ(τ)− 2j(1) + 1] (9.8)
From 9.8 it follows that
|C2(δ(τ))u2(x, δ(τ))|2 >> |C1(δ(τ))u1(x, δ(τ))|2 (9.9)
and this completes the proof of Proposition 9.1.
Remark 9.2
The values of ±Λ(j(n)) which determine the probabilities of the corresponding compo-
nents of the state vector are determined by the interaction 9.4 effecting the transition
of the nucleus. In case it is very large, it describes a ”clear cut” state of the system.
Remark 9.3
Equations 9.7 prove that that the state vector does not evolve any more after the
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transition, because δ(τ), E1, E2 are constants.
Remark 9.4
If the probability, p2l, of the state for the living Schroedinger cat after the decay of the
unstable nucleus is vanishingly small in comparison with the probability, p2d ≫ p2l, for
the dead cat, it is experimentally impossible to observe the alive cat after he died with
very high probability.
Hence, there is no Schroedinger’s cat paradox in the framework of the theory of the
Schroedinger equation.
Remark 9.5
The solution given in the present section opens new aspects for all problems concerning
quantum systems with two or few levels possible. This is a novel aspect of R and it is
in full agreement with the statistical nature of the wave function.
10 The non-decay of the wave packet
Our basic principle in chrono-topology is that interactions are the causes of all changes
in the universe. No change whatsoever is possible without an interaction. Accordingly,
fluctuations also should be due to some sort of interaction. The fluctuations in the
density of a gas are due to particular ’constellations’ of a number of interacting pairs
of atoms with particular values of the scattering angles. We propose to consider the
wave packet decay from this point of view.
10.1 Attempts at avoiding decay
There exist rather ambitious mathematical theories making various attempts to rec-
oncile the non-decay of the particle with the decay of the wave packet representing it.
The problem consists in that the wave packet does decay in the absence of interactions
in the Newtonian time topology, while the particle does not decay.
One of the theories endeavoring to eliminate the decay of the wave packet in the
Newtonian time topology proposes some gravitational agents [59]. These agents result
to the restauration of the decaying wave packet implied by quantum theory. However,
there is no indication about a relation of the agents with any physical action directing
them exclusively towards decaying wave packets and preventing them of acting on non-
decaying waves too. Another theory postulates for the same purpose the spontaneous
multiplication of the wave packet (function) by a strongly picked Gaussian function in
definite time intervals to cancel the calculated decay of the wave packet [60].
These theories refrain from giving in any way neither the locations of the large number
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of the required computers to implement the multiplication of all travelling wave packets
in the universe, corresponding to the particles of the cosmic radiation and to the beam
particles in the accelarator laboratories or in the nuclear reactors. Also they give no
indication, if, for example, instead of a mathematical multiplication of the wave packet,
there occurs a physical amplification, e.g., like the amplification of an electrical pulse
in an electronic device. These are questions which in our view should also be answered,
if these theories claim the qualification of completeness.
It is, finally, interesting to note that E. P. Wigner proceeded to accepting the existence
of an influence on the unconscious matter by any living matter in such a way as to
change the U action of the time evolution operator to an R action [61].
All three explanations of the factual non-decay of the particle corresponding to a de-
caying wave packet, make appeal to effects which physically are difficult to explain in
the framework of the valid laws. This entitles us to look for other, simpler explanations.
10.2 The flowing Newtonian time at the root of the confusion
The solution of the above problem in the framework of our chrono-topology appears
in comparison with the above mentioned very sophisticated theories as a rather trivial
excercise. In this context it would appear surprising, if the wave packet did really decay
in the absence of any interactions.
As in the problem of the measurement in quantum mechanics, it will be, here too,
assumed that the decay of the wave packet, whenever it occurs, is described exclusively
by the evolution operator. To see this we consider an orthonormal and complete set
of eigenfunctions {un |n = 1, 2, . . .} of the Hamiltonian H(t) and we write for the state
vector the expression for t = 0
Ψ(x, 0) =
∞∑
n=1
Cnun(x), (10.1)
where x ∈ M¯41 is the particle coordinate in its rest frame of reference, S.
10.3 Let us see, what happens
The details of the wave packet construction are described in books on quantum me-
chanics and they are not repeated here. We shall, instead, prove only the following
Proposition 10.1
1. Let Ψ(x, 0) be the wave packet representing a particle in the point x at the time
t = 0 in its rest-frame of reference.
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2. Let {un(x), En, |n = 1, 2, . . .} represent an orthonormal, complete system of eigen-
functions of the Hamiltonian H(φ(x), ∂φ(x)) and the corresponding energy eigen-
values.
3. Let Uu(TΛ) be the unitary time evolution operator implementing the changes on
Ψ(x, 0) implied by H(φ(x), ∂φ(x)).
4. The rest-frame of reference of the particle is a macroscopic material body with
which a moving observer’s detector may interact via any quanta exchange and in
this way determine the position of the particle without in any way disturbing it
or its wave packet.
Then,
i) The wave packet remains unchanged in its rest-frame of reference without inter-
actions.
ii) The wave packet does not decay for an observer moving with respect to the
rest-frame of reference of the particle without interactions.
iii) The wave packet changes form under an U and - a fortiori - under an R interac-
tion.
Proof
a) We act on Ψ(x, 0) with our unitary time evolution operator, Uu(TΛ):
Uu(TΛ)Ψ(x, 0)
=
∞∑
n=1
exp〈[(ih¯)−1
∫
M¯4
λ
d4xH(φ(x, t), ∂φ(x, t))± Λ(n, σ)]〉Cnun(x) (10.2)
=
∞∑
n=1
exp〈[(ih¯)−1Enδ(τ)± iΛ(n, σ)]〉Cnun(x)
where the time integration is taken inside a single IPN, t ∈ τ . We take for
convenience the unitary time evolution operator, because of the periodic bounrary
conditions imposed on the orthonormal set {un |n ∈ ZZ+} used in (10.2).
Considering {un |n ∈ ZZ+} and replacing the sum ∑n by the integral ∫ dn we find,
for
Λ(n, σ), σ = 2,
and
En =
h¯2n2
2m
,n ∈ ZZ+,
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by the usual procedure [62] the wave packet form
Ψ±(x, δ(τ)) = (2π)
−1
x (∆x+
ih¯δ(τ)
2m∆x
)−1/2 exp[− (x± 1)
2
(∆x)2 + 2ih¯δ(τ)/m
]. (10.3)
Expression (10.3) proves that the wave packet cannot decay in time in its rest
frame of reference, since, according to Axiom III the IPN, τ , without interaction
represents simply the epmpty set, and δ(τ) = 0.
This proves assertion a).
Figure 10.1: A minimal wave packet decaying in Minkowski’s S space-time (lines in
the plane t,wp). In chrono-topology there is no time-flow in absence of interactions,
and, consequently, the wave packet conserves its initial form (any constant curve in the
plane x,wp). Arbitrary scale factors.
b) We consider the Lorentz transformation with the velocity, v, of the observer along
the positive x-direction. Then, we have the expressions:
x = γ(x′ − vt), t = γ(t′ − (β/c)x′), (a)
x′ = γ(x+ vt), t′ = γ(t + (β/c)x), (b) (10.4)
and we get the transformed wave packet
Ψ±(x, δ(τ)) → Ψ′±(x′, δ(τ ′))
= (2π)−1/2x (∆x+
ih¯γ(t′ + (β/c)x′)
2m∆x
)−1/2
× exp[− γ(x
′ + vt′)± 1)2
(∆x)2 + 2ih¯γ(t′ + (β/c)x′)/m
]. (10.5)
Let us now see what are the domains of variation of x′ and t′: In absence of an
interaction in S the particle conserves: x = ρ = Constant, and t = 0. For an
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observer in S ′ there follows from (10.4):
x′ = γρ = Constant, and t′ = β · ρ c = Constant.
Hence, the wave packet appears to the moving observer as having a different
form, but it does not change, it does not decay, if not subject to an interaction.
This proves b).
c) Let ρ be the constant position of the particle in S. Since the particle is subject
to an interaction its proper time t takes values in τ, t ∈ τ .
We know, in addition, that the diameter of the IPN, τ , is finite, δ(τ) = δ <∞.
From (10.4) we find
x = ρ, and τ ≡ (0, δ).
Consequently, for constant Bi, i = 1, 2, 3, 4
−∞ < B1 = γρ ≤ x′ ≤ γ(ρ+ (β/c)δ) = B2 < +∞ (a)
and
−∞ < B3 = γρ ≤ t′ ≤ γ(δ + (β/c)ρ) = B4 < +∞ (b) (10.6)
Since the independent variables x′ and t′ in (10.5) change by finite amounts, the wave
packet changes by a finite amount its form, but it does not decay any more in S ′, given
that its interaction is of finite duration.
This proves assertion c) , and the proof of Proposition 10.1 is complete.
Remark 10.1
The double sign in (10.3) represents a degree of freedom and it stems from the double
sign in the quantization of the action integral, ±Λ. The shift of the wave packet center
comes from the non-vanishing action-integral.
Remark 10.2
Since the proof does not depend on the form of the wave packet (10.1), it follows that
all wave packets do not decay, if not subject to an interaction. This is the situation in
the case of soliton waves.
Remark 10.3
If the interaction Hamiltonian is of such a structure, that it changes the nature of the
particle described by the wave packet under discussion, this will follow from (10.2)
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Figure 10.2: The minimal wave packet of Figure 10.1 seen from a moving frame of ref-
erence S ′ in Minkowki’s space-time. If an interaction is present with, say δ(τ) = 10−15
seconds, one can see the wave packet deformation in a plane ( t′, wp′). To appreciate
the amount of the wave packet change in two parallel planes (x′, wp′) compare δ(τ)
with the length, 6 · 10−9 seconds, of the t′- axis segment.
under the action of non-measure preserving evolution operator , Unmp(Tλ). In this case
also we shall have one or more wave packets behaving according to Proposition 10.1.
11 Conclusions and discussion
There have been numerous investigations into the nature and the structure of time
in the history of physics and philosophy. Already in ancient times, Plato, Aristotle,
St. Augustine have written essays trying to understand, what is that, we call the time.
The references given are only a tiny sample of the world literature on time. There
have been reported very important and less important ideas on the time issue, to all
of whom we cannot do due justice with an appropriate reference.
Until recent times of our ending millenium, however, the discussion about the nature
of time was mainly of a philosophical character and, hence, it could not have any
important repercussions on the advances and on the results of physics and technology.
With the advent of relativity as well as of quantum theory a vast literature on the
time has been, and is still today being, produced in the framework of theoretical and
of mathematical physics.
In the cases, of these two disciplines of physics, however, the ideas about the time are
not so harmless as they were in the case of philosophy: As a consequence, a considerable
number of paradoxes and awkward situations arised due, on the one hand, to the
fundamental character of these important disciplines, and, on the other hand, due to
the assumed structure of time - as we now believe to be able to see. To be specific,
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some of the most impressive paradoxes in physics are:
1. The measurement problem in quantum physics.
2. The long-standing impasse ’Time reversal invariance of QFT-Irreversibility in
macroscopic Nature’.
3. The decay of the wave packet in absence of interactions.
4. The catastrophies in QFT.
5. The Schroedinger cat.
6. The twin paradox in relativity.
7. The time machines, etc.
After an examination of the fundamental concepts of physics, we believe that all these
and many other paradoxes are due to the character and the topological structure of
the time assumed in physics. The topological properties of the time, tacitly introduced
both in relativity and in quantum theory, are those of the Newtonian universal time.
One should remember here the requirement of relativity according to which every space
point has its own time. Also, Dirac’s proposal that each particle should have its own
time variable has not helped to abondon the natural topology of the line as the topology
of the time in atomic and sub-atomic physics.
The trouble is not limited on the topology of time. Beyond that, the human physiology
and in particular the neural structure of the human body and of the brain contributed
considerably to the confusion of the time mystery.It lead to the assignment to the time
of a phantastic property: The flowing.
Let us be a little more precise and explain, how the feeling of the time flowing comes
about in the framework of our chrono-topology: According to our theory of the time
structure (Sec. 3) is directly related to the changes occuring in nature and recorded
in any way by the nervous system of the observer. Every elementary change generates
a time neighbourhood τλ. The next interaction proper-time neighbourhood, τλ+1, nec-
essarily starts before or after the ending of the preceding one and ends later, if it is
to be distinguished from the first. The successively observed non-overlapping changes
create the sense of ordering. Zermelo’s well-ordering theorem finds here a practical
application in the production of the feeling of the flowing time.
The excitations by the successive changes of, both the external and the internal world,
act in succession on the neural system of the observer, and give to him the impression
of something running, the apparent time property of flowing.
On the other hand, the feeling of the time continuity is created by the finite ability
of the observer to discriminate closely adjacent {τλ | ∀λ ∈ I ⊂ ZZ+} of a large number
(some Avogadro-number-interaction-proper-time) of successive neighbourhoods, cre-
ated in observer’s brain by his observable environment (external and internal), when
the gaps between τλ and τλ+1 forall λ ∈ ZZ
+ are large enough.
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Since time, alike the space, does not flow, the view that a wave-packet should decay in
absence of interactions, appears in our chrono-topology as a paradox, seen that time
changes only as long as the interaction is going on.
As far as phenomena are concerned, whose durations are larger than the interaction
proper time neighbourhood diameter of the intervening fundamental interaction, the
physical results are perfectly described in physics, and experiment and theory are in
very good agreement.
However, as soon as the distances between successive single elementary phenomena
approach the limit of the IPNs perception proper-time, then troubles set in.
Many, extremely subtle affaires concern the use of relativity: Whenever one writes an
equation containing a time-dependent fundamental interaction, H(t), and one solves
the equation, one does not identify himself with the interacting particles and one should
always discuss the results in terms of observer’s coordinates (x′, t′).
As we have seen in Sec. 6, there are considerable differences between the topologies of
the spaces in the rest frame of reference of the interacting particle system, S, and the
space of the observer’s moving system of reference, S ′. For example, the time variable,
t, for a particle in S is t ∈ τ ∈ T ∈ IR, while for the observer in S ′ the time variable,
t′ = γ(t− b/cx) ∈ T × IR ⊂ IR2. The topology of the time determines to an important
extent the topology of the space-time. We find that the space-time topology of the
quantum world by no means is identical to the topology of the relativity space-time,
i.e., the topology of the Minkowski space-time, M4. The reasons are quite obvious
from the point of view of our chrono-topology:
1. The Minkowski space-time, M4 = iIR × IR3, is a four-dimensional continuum,
including infinity. It has been conceived as the host space of physical bodies wich
may last and travel ad infinitum, ignoring fundamental interactions and their
discrete time structure.
2. The quantum phenomena, on the contrary, cannot be continuous in time per def-
inition. Fundamental quantum interactions, being mediated by quanta exchange
between the interacting particles, cannot run continuously in time generated by
themselves. The quantum world space-time, M¯41 = iT4 × IR3 ⊂ M4, is a discon-
nected space-time with randomly variable diameters, {δ(τλ}, of the interaction
proper-time neighbourhods and degree of disconnectedness.
3. With the understanding that our chrono-topology is the natural topology for
quantum physics, we conclude that general relativity is a non-quantizable theory,
because it is a theory based on the Newtonian universal time topology, Nt.
The characteristic property of the random and infinitely divisible fields is related to
the decomposition
L = L1 + L2 + . . .+ Ln, ∀n ∈ ZZ+. (11.1)
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This equation, being a definition of the infinitely divisible fields in the framework of the
generalized random field theory, is mathematically fully clear. But from the physical
point of view it is at least difficult to understand. It is physically unacceptable that a
scalar field at a point of the Euclidean or of the Minkowski space-time be equal to the
sum of any number of identical fields of the same strength and probability distribution.
On the contrary, this equation becomes self-evident in the framework of our chrono-
topology of the many-folded time-space, in every part of which the conservation laws
of physics are valid.
To make this clear let us consider one single IPN, τλ, and the corresponding space-time,
M¯41 . The lower index signifies that M¯
4
1 = τ1 × IR3, and this space-time is simple in
time. If there are two different IPNs, such that, on the one hand, τ1 ∩ τ2 = ∅ and, on
the other hand, their projections π1, π2 into Tκ satisfy π1 ⊂ π2, then the corresponding
space-time is M¯4 = (τ1 ⊕ τ2) × IR3 . This space-time is two-fold in time. It is said,
in terms of the relativistic simultaneity, fully or partly simultaneous according to the
relations satisfied by the projections {πλ} of the IPNs {τλ} into Tκ
(π1 ⊆ π2) ∧ (π1 ⊇ π2) or (π1 ⊆ π2) ∨ (π1 ⊇ π2)
respectively. More generally, if λκ IPNs satisfy
τλ ∩ τλ′ = ∅ ∀(λκ, λ′κ) ∈ Iκ,
and their projections into Tκ
(πλκ ⊆ πλ′κ) ∧ (πλκ ⊇ πλ′κ) or (πλκ ⊆ πλ′κ) ∨ (πλκ ⊇ πλ′κ) ∀(λκ, λ′κ) ∈ Iκ
then the space-time,
M4λκ = i(τ1 ⊕ · · · ⊕ τλκ)× IR3, (11.2)
is λκ-fold in time.
In view if the above definition the physical meaning of (11.1) becomes perfectly clear:
In a λκ-fold in time space-time the decomposition of an infinitely divisible field L in
up to λκ terms is possible without interfering neither with the definition of the notion
function nor with the conservation laws of physics which remain valid in each one IPN.
The chrono-topology allowed to us to demonstrate the existence of a time evolution
operator which is appropriate for implementing the long time sought reduction of the
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wave packet as well as to help explain other paradoxes of quantum theory presented
inSec. 9 and 10.
However, the most important result for us is the insight that Eistein’s life-long convic-
tion, according to which the structure of quantum theory per se does not justify the
characterization as a statistical theory. In fact, a proof of the statistical character of
the wave function inside the chrono-topology was posible [58]. In the topology of the
Newtonian universal time such a proof is impossible.
The full meaning of this fact becomes clear, only if it is born in mind that the funda-
mental interactions act in every case during a finite time duration. On the contrary, if
the durations of the fundamental interactions were infinite, no proof of Born’s hypoth-
esis about the wave function would exist. Because in that case the group represented
by the evolution operators, both Uu and Unmp , would be continuous both in τλ and
in IR. Of significant importance we consider the fact that Planck’s constant has been
calculated in the framework of chrono-topology.
The chrono-topology is appropriate - as we believe - to accommodate the solution
of still more other problems in quantum theory. As the most prominent problem we
consider the elimination of the divergent integrals in the perturbation theory of QFT.In
this event renormalization of the field theories would become unnecesary. This view is
corroborated by the spontaneous Λ-renormalization appearing in our theory.
In view of the topological structure of the space-time M¯4λκ in comparison with the space-
times encountered in general relativity based on the Newtonian universal time, it seems
to us very likely that general relativity as it stands is conceived as a non-quantizable
theory.
One way to quantize general relativity is, possibly, to consider it ab initio in the chrono-
topology. In this case the field becomes a generalized and infinitely divisible field, and
the quantity to quantize will be the the field action-integral of gravity. This would lead
to an extension ( not revision) of the validity domain of general relativity. Since the
time integral of the interaction Hamiltonian is spontaneously Λ-renormalized through
subtraction of h¯Λ(n, σ) from the action integral, it is expected that the divergent
integrals of the covariant perturbation expansion in QFT might be eliminated by taking
them for t ∈ Tκ, as it must in our chrono-topology instead of taking t ∈ IR
1. It is obvious
that all theories’ action-integrals are quantizable and Λ-renormalizable.
Finally, an interesting research topic is the following: Since the time axis in each τλ
must be orthogonal to IR3 it follows that there are 3∞ orientation possibilities of the
light cone of each τλ at every point x ∈ IR
3. This opens the question as to the extent
in which we are allowed to consider the future cone in analysing the quantum behavior
of the black holes. This question does not arise only in the Minkowski space but also
in Riemann spaces of general relativity. It seems, therefore, that Penrose’s reasoning
[63] is the correct one also from the point of view of our chrono-topology.
Another important problem is Euclidization of Minkowski’s spacetime. In view of the
radical change of the space-time topology, clearly M¯4λκ is not euclidizable. Also it is
78
very exciting to see whether chronotopology will allow the existence of singularities in
view of the apparent fact that there is neither one beginning nor one end of the time but
instead countable sets of them both. The essential difference is that in the conventional
understanding of the time t ∈ IR1 while in the understanding of chrono-topology t ∈ τλ
with δ(τλ) <∞.
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